Studies on Interaction of Root-Knot Nematodes and Root-Infecting Fungi on Air Pollution Stressed Leguminous Crops by Negao, Syed Abbas Hosseini
STUDIES ON INTERACTION OF ROOT-KNOT 
NEMATODES AND ROOT-INFECTING FUNGI 
ON AIR POLLUTION STRESSED 
LEGUMINOUS CROPS 
ABSTRACT 
THESIS SUBMITTED FOR THE DEGREE OF 
JBottov of $l)tlos[opt)p 
IN 
AGRICULTURE 
(PLANT PATHOLOGY) 
SY6D ABBAS HOSSEINI NEGAO 
INSTITUTE OF AGRICULTURE 
ALIGARH MUSLIM UNIVERSITY 
ALIGARH (INDIA) 
1994 
 
 
 
 
 
  
 
 
 
, • * "** r^T 
' y 
^^OAI ITO^^^-
t 9 FEB I99S 
 
 
 
 
 
  
 
 
 
STUDIES ON INTERACTION OF ROOT-KNOT NEMATODES 
AND ROOT-INFECTING FUNGI ON AIR POLLUTION STRESSED 
LEGUMINOUS CROPS. 
ABSTRACT 
Air pollution has entered as a new factor in agriculture. Oops grown 
around various kinds of industries are liable to be influenced since air quality is 
important for their growth and yield. Various kinds of gaseous or particulate air 
pollutants are now known to affect directly or indirectly agricultural crops. 
Research on this agricultural problem is relative^ recent and new. Impacts of 
individual air pollutants or of their mixtures on growth and yield, physiology and 
structural configuration of various plant organs have been examined The infor-
mation available, though not adequate to make definite generalizations, suggest 
that air pollution in general is harmful for agricultural crops. A number of air 
pollutants have been shown to be suppressive for growth and yield of crop plants. 
Microor^nisms, irrespective of their saprophytic, parasitic or symbiotic mode of 
life, associated with crop plants growing under pollution stress are likety to be 
influenced direcdy or indirect^ through host-mediated effects. This aspect too 
has attracted attention of researchers. Information generated through these 
researches provides some indications. But at times, results are conflicting Re-
search on impact of air pollution on agricultural crops and associated microor-
ganism, nevertheless,in progress in different parts of the world. 
Impact of air pollution on plant diseases caused by different groups of 
plant pathogens has also received some attention. Most researches are related to 
fungal diseases, especilly on the foliage. Influence of air pollution on plant 
parasitic nematodes and diseases caused by them has also gained some study 
recently. In general, air pollution either enhances or suppresses the diseases of 
crop plants through its direct or host-mediated effects. This, however, depends 
on a number of factors, including the pathogen, type of the air pollutant, and its 
 
 
 
 
 
  
 
 
 
concentration, e]q>osure duration, kind of the crops etc Considering the mag-
nitude of air pollution and importance of agricultural crops across the world, the 
quantum of research done on this aspect is rather veiy meager. Interaction of 
root- infecting fungi and root-knot nematodes causing disease complexes on crop 
plants is well known phenomenon. This aspect of plant disease problem is likely 
to be influenced if the crop plants are growing under air pollution stress. There-
fore, examiningthe influence of air pollution on interaction of root infecting fungi 
and root-knot nematodes, was the major objective of the present investigations. 
In the present investigations, SO2, a common air pollutant in India, 
orginating through burning of fossil fuels, particularly coal in thermal power 
plants, was selected for treatment (exposure) of the test plants in artificial 
conditions. Root- knot nematode, Meloidogyne incoffuta (race 1) and the wilt 
fungus, Fusarhun oxysporum tsp. ciceri and chick- pea were selected as test 
materials and studies were conducted in artiflcial e3q}osure/inoculation condi-
tions in glasshouse in order to determine individual impact of SO2. At the first 
instance, response of six cultivars of chick-pea viz., Pusa-209,I^tsa-212,Pusa-244, 
Pusa-2S6, Pusa-267 and Pusa-436, which are grown in India by Canners, were 
examined against Af. incoffuta (race 1) F. oxysporum f.sp. ciceri and SO2 using 
different inlculum levels/dosage. Inoculum levels of Af. incoffiita were 0,10,100, 
1000 and 10,000 J2 per pot and for wilt fungus 0.0,0.5,1.0 and ZO g of mycelium 
per pot SO2 concentrations used for e3qx>sure of the test plants were 0.0,0.1 and 
0.2 ppm. Interaction of F. oxysporum f.sp. ciceri and Af. incoffiita (race 1) was 
studied on two cultivars of chick-pea viz., Pusa-212 and Pusa-244 under glas-
shouse conditions. The inoculum levels of 2000 J2 of the nematode and 20 g 
mycelium of the fungus were used in thisstudy. Similarly, impact of SO2 (0.2 ppm) 
on their interaction and interactive effects was also determined. The inoculum . 
levels of the fungus and the nematode and the chick-pea cultivars were same as 
used in their interaction study. Effect of SO2 exposure on j uvenile hatching of M. 
incoffiita and acidification of water was examined using micro-exposure cabinet 
Effect of SO2 on colony growth of F. oxysporum f.sp. ciceri was also determined. 
SO2 was produced in a generator by reaction of Na2S03 and H2SO4. Plants were 
 
 
 
 
 
  
 
 
 
exposed in exposure chambers, made up of transparent Hbre glass, eveiy third 
day for three hours thoughout the period of e]q}erimenL During the experimen-
tation period, plants of various treatments were regularly examined for visible 
symptoms. 
All the six cultivars of chick-pea included in the study were found to be 
susceptible toMeloidogyne incogfuta (race 1). Plant foliage and roots developed 
characteristic symptoms caused by root-knot nematodes. Significant reduction 
occurred in plant growth parameters (length of shoot and root and fresh and dry 
weights of shoot and root) at 1000 and 10,000 J2 inoculum levels of the nematode. 
The lower inoculum levels (10 and 100 J2) did not cause significant suppression 
in plant growth parameters of the chick-pea cultivars. Suppressions caused in 
plant growth parameters of the chick-pea cultivars were not equal But all the 
cultivars were susceptible to the nematode, as the nematode caused root galling 
and egg masses developed on all the cultivars. Gall index (GI) was rated as 5 on 
all the cultivars at 1000 J2 and 10,000 J2 except Pusa-212 and Pusa-244 on which 
GI was 4 at 10001% Egg mass index was 4 at 1000 J2 and 5 at 10,000 J2 on all the 
cultivars. Root-knot nematode infection suppressed root noduiation (number of 
root nodules per root system) of the cultivars. The suppression was related to the 
inoculum level of the nematode and the effect was more or less of the same 
intensity on each cultivar.. The number of functional nodules declined and those 
of non-functional nodules increased by the nematode infection. These effects 
were also related to the inoculum level of the nematode. At 10 J2, M. incognita 
did not cause significant reduction in root noduiation. Numbers of functional 
and non-functional nodules were also not significantly affected at this inoculum 
level 
Fusarium oxysporum f.sp. ciceri caused reduction in plant growth of the 
cultivars. The extent of suppression varied among the cultivars and was related 
to the inoculum level of the fungus. All the cultivars were susceptible to this 
fungus. Pusa- 212, was, however, found to be resistant Root noduiation on all 
the chick-pea cultivars found to be susceptible to the fungus. Maximum suppres-
sion occurred at the inoculum level of ZO g mycelium. Similar effect was observed 
in decline of the numbers of functional nodules. Non-functional nodules, how-
 
 
 
 
 
  
 
 
 
ever, showed an increase with increasing level of inoculum. Appearence of wilt 
symptoms on the susceptible cultivars was also dependent on the level of the 
inoculum. Higher level of the fungus inoculum induced early appearence and 
more severe wilt symptoms on the chick-pea cultivars. 
Chick-pea cultivars exposed to sulphur dioxide exhibited chlorosis, inter-
costal necrotic patches and browning of the leaflet margins. Intensity and time of 
appearence of symptoms were SO2 concentration dependent At higher con-
centration (0.2 ppm) symptoms appeared earlier and were more severe than at 
the lower concentration (0.1 ppm). In general, plant growth of the chick- pea 
cultivars was suppressed by SO2 which was greater at higher concentration. SO2 
also suppressed root nodulation on the chick-pea cultivars. The inhibition in the 
num i^^ bers of total and functional nodu^les was more at 0.2 ppm than in 0.1 ppm 
SO2. Non-functional nodules increased as a result of SO2exposure, being greater 
at 0.2 ppm. 
Meloidogyne incognita and Fusarium oxysporum f.sp. ciceri interacted 
synergistically causing greater suppression in plant growth of the chick-pea 
cultivars. Suppression was more when the nematode preceded the fungus (se-
quential inoculation) 3-weeks before the fungus than concomitant inoculation 
(inoculation of both pathogens at the same time). Interaction of both pathogens 
suppressed root nodulation and functional nodules and this effect was more 
under sequential than in concomitant inoculation. Conversely, non- functional 
nodubls showed an increase due to interactive effect of the pathogens. Wilt 
symptoms appeared earlier with higher intensity under their association. Pusa-
212, the cultivar of chick-pea which was found to be resistant to F. oxysporum f.sp. 
ciceriy developed wilt symptoms in the presence of the nematode. Hence, resis-
tance of this cultivar against the wilt fungus was broken by the nematode. 
Sulphur dioxide accelerated the appearence and severity of the symptoms 
produced by the nematode on chick-pea cultivars Pusa-212 and Pusa-244. When 
nematode-inoculated plants of the chick-pea cultivars were exposed to Q.2ppni 
SO 2, suppression in plantgrowth parameters occurred Thegrowth^^^ite^6%g[^'^'^V| 
 
 
 
 
 
  
 
 
 
were greater than those caused by the nematode alone. Nematode-infected 
plants suffered greater growth losses than uninoculated plants. This trend was 
evident on both cultivars. SO2 caused greater suppression of root nodulation. 
Decline in the numbers of functional nodules was also greater. SO2, however, 
suppressed root galling and egg mass production by the nematode on the infected 
plants. Almost similar results were found when the fungus-inoculated plants were 
exposed to SO2. Wilt symptoms appeared earlier on fungus-inoculated plants 
exposed to SO2 than on plants inoculated with the fungus or fungus-H nematode. 
Pusa-212, the wilt resistant cultivar, exhibited wilt symptoms after 30 days of 
e:q)osure to SO2. Therefore, its resistance to the fung i^l pathogen was broken by 
SO2. 
Maximum suppression in plant growth of chick-pea cultivars occurred 
when plants inoculated with both the pathogens were exposed to SO2. Similar 
effects were noticed on root galling and egg mass production by the nematode. 
Suppression of root nodulation and numbers of functional nodules were sig-
nificantly greater in the presence of all the three pathogens in comparison to 
other treatments. Appearance of wilting was further advanced and intensity 
increased when nematode+fungus inoculated plants were exposed to sulphur 
dioxide. 
Sulphur dioxide inhibited juvenile hatching olMeloidogyne incognita and 
this suppression increased with an increase in the concentration of SO2. The 
water pH also gradually decreased as the number of exposure and concentration 
of SO2 increased. 
Sulphur dioxide also suppressed colony growth of the wilt fungus which 
was greater at 0.2 ppm SO2. However, at 0.05 ppm SO2 slight increase in growth 
of the fungus occurred which was, however, not significant statistically. 
The study, first of its kind, suggests that SO2 as air pollutant can accelerate 
pathogenesis and enhance pathogenic effects of root-knot nematodes and wilt-
causing fusaria on susceptible crops. The interaction between wilt-causing fusaria 
 
 
 
 
 
  
 
 
 
and root-knot nematodes may be influenced by SO2 causing crop losses greater 
than those caused by their interaction. 802 stress can also break resistance of 
crop cultivars against wilt causing fusaria. Air pollution, caused by SO2, therefore, 
may enhance the pathogenic damage to crops both under monopathogenic or 
multipathogenic situations. Benefit derived by leguminous crops through sym-
biotic nitrogen fixation by root nodule bacteria would also be greatly reduced. 
Similar effects can be expected for other gaseous air pollutants. It is likely that 
crops grown under air pollution stress, around various industries, may be ex-
periencing such adverse effects. Extensive studies involving various plant 
parasitic nematodes and wilt-causing fungi, different crops and their cultivars 
undervaluing air pollution stresses are needed to evaluate the dimensions of the 
problem and magnitude of the crop losses. 
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INTRODUCTION 
Pulses are one of the most important sources of proteins in human dietary 
system. Their importance becomes more appreciable for vegetarian population 
of the world. In India, pulses are main source of proteins for the large vegetarian 
population of the country. Pulses are used as a food in a variety of forms. The 
most common is the soup, the split pulse seeds boiled in spiced water. Seeds are 
also ground and boiled, roasted or fried. Pulses are also grown as fodder crops. 
Their grains are used as concentrates to enrich the diet of the animals. Some 
pulse crops are grown as green-manure crops. 
The ability of pulse crops to thrive under a wide range of soil and climatic 
conditions, especially with their deep root system and ability to withstand diy 
conditions more successfully than most other commonly grown crops are excel-
lent Therefore, some ofthe pulse crops are suitable for dry farming. According 
to FAO (1992) report, the total land under the cultivation of these crops in the 
world, Asia and India was 70379 X 10^ ha, 36820 X 10^ ha and 24075 X 10^  ha 
with the total production of 59902 x 10 ,^ 27345 x 10^  and 14007 x lO' metric 
tons respectively during 1991. 
Chick-pea {Cicer arietinum L.), an important multipurpose pulse crop is 
grown throughout India. Its leaves are used as vegetable and the green seeds are 
eaten raw or boiled as a vegetable, spiced and cooked. Mature seeds are used 
for preparing 'dal'; flour from the seeds are used for making breads, sweets and 
snacks etc Recently attention of the Indian Council of Agricultural Research was 
drawn to the problems of pulses in India and an integrated All India Coordinated 
Programme for the improvement of pulse crops has been undertaken by the 
council The work is being done in collaboration with U.S. Department of 
Agriculture at different centres in India. 
Pulses are attacked by a number of plant pathogenic fungi, bacteria, 
viruses and nematodes. Wilt caused by Fusarium oxysporum f.sp. ciceri (Padwick) 
 
 
 
 
 
  
 
 
 
Synd. and Hans and root-rot caused hy Bhizoctonia bataticola (Taub.) Butler 
(= Sclerotium batalkola Taub.) are serious diseases of chick-pea in India and 
are often responsible for "soil sickness" problem when the soil becomes heavily 
contaminated with them due to continuous crop cultivation. 
Among the nematodes attacking pulses in India, root-knot nematodes 
(Meloidogyne spp.) are the most serious. They are also serious parasites of 
chick-pea (Nath et d., 1979; Dhanger and Gupta, 1983; Goel and Gupta, 1984, 
1986; Mani and Sethi, 1984,1987; Kumar etd., 1988; Mukhtar and Khan, 1989; 
Singh and Gill, 1990; Khan and Hosseini Nejad, 1991). The second stage 
juveniles (J2) of root- knot nematodes penetrate the roots and move through the 
cortex inter- and intracellularly and reach close to the pericycle. The females 
become saccate and sedentary and are mainly responsible for pathogenic damage 
caused to the host plants. Cells around the head and neck of the female 
nematodes become multinucleated and cell wall irregularly thickened Usually 
6-12 of such cells are found around the neck of each female which function as 
transfer cells (Jones and Northcote, 1972) and female nematodes obtain nutrition 
from them. Vascular tissues of the plants are altered extensively due to invasion 
of roots by root-knot nematodes which impairs the absorption and translocation 
of water and nutrients to vegetative parts of the plants. Suppressed plant growth 
and deficiency symptoms on leaves result from these anatomical and physiologi-
cal alterations. 
Root-knot nematodes interact with soil-borne plant pathogens. Synergis-
tic interactions of root-knot nematodes with several soil-borne fungi are well 
documented (Powell 1971: 1979; Khan, 1984; Taylor, 1979, 1991; Francl and 
Wheeler, 1993; Evans and Haydock, 1993). Root-knot nematodes suppress root 
nodulation in pulses (Dhanger and Gupta, 1983; Raut 1980; Mani and Sethi 1984, 
1987) as a result of which the total benefit from the nitrogen fixing bacteria is 
reduced (Taha, 1993). 
Atmospheric pollution is a major problem of the modem world. The fast 
increasing human population and quest for improvement in living standards have 
 
 
 
 
 
  
 
 
 
resulted into rapid industrialisation, urbanisation, excessive use of fertilizers and 
pesticides on major agricultural crops and production of nuclear energy. Ginse-
quently, every component of the biosphere (air, water and soil) is becoming 
tremendously polluted by day and night According to the estimates of Van 
Matre (1984) in the presentworld only 20% of the air is breathable and only 10% 
of the land is capable of being exploited for preparing food Astanian and 
Blagosklonoy (1983) reported that hundreds of millions tons of harmful gases 
and dusts are emitted into the earth's atmosphere every year. The release of 
harmful chemicals and toxic materials from industries into the environment cause 
damaging effects on both fauna and flora. These toxic wastes in excess, exceeding 
the normal self-regulating capacity of atmosphere, lead to pollution. 
In recent years, air pollution has probably attracted the attention of the 
world most Wood (1968) classified the toxic substances "air pollutants", respon-
sible for air pollution basically in two categories based on their origin. Primaiy 
air pollutants originate at the source in the form toxic to living organisms, which 
may be in gaseous or particulate forms. Gaseous air pollutants are sulphur 
dioxide (SO2), oxides of nitrogen (NOx), hydrogen fluoride (HF), ammonia 
(NH3), ethylene (C2H6), etc. and particulate air pollutants are coal dust, cement 
dust, fly ash, suspended particulate matter (SPM), etc. Secondary air pollutants 
like ozone (O3), peroxyacetyl nitrate (PAN) originate from the reactions betv<,een 
primaiy air pollutants. 
The performance of the plants is influenced directly or indirectly by 
inhibition or acceleration of the plant metabolism, which may influence their 
productivity. Many significant and sometimes devasting effects of air pollution 
on vegetation have come to light in recent years. Some reports have revealed the 
spectcular adverse effect of SO2, fluoride, hydrogen chloride and other pollutant 
on plant population. The influence of toxic gases on agricultural crops is little 
studied However, in some countries air pollution is known to reduce the \ield 
of many crops near industrial areas (Heck etal., 1970; Sprugel etd., 1980; Heagle 
etal. 1988; Khan. 1989; Khan e/A/. 1991; Khan and Khan, 1993. 
 
 
 
 
 
  
 
 
 
Sulphur dioxide is one of the most damaging air pollutants for plants. It 
makes entry through stomata to reach the mesophyll of the leaves, where it reacts 
— —2 —2 
with water to form H2SO3 or HSO3 if the medium is acidic, or SO3 - SO4 
when alkaline which damages the adjoining tissues. Plants affected by sulphur 
dioxide show reduced leaf pigments, proteins and carbohydrates. Several 
physiological, biochemical and anatomical abnormalities result in plants growing 
under SO2 stress. 
In agricultural field plots, plant roots remain constantly exposed to many 
soil microorganisms. Many of the microbes present are parasitic, saprophytic or 
have weak pathogenic potential to plants. Many investigators have concluded 
that a number of root diseases have a complex etiology (Powell, 1971; Wallace 
1978; Grogan, 1981). Nematodes and soil-borne microorganisms thrive best 
under moist soil condition and ample opportunities exist for their interactions in 
diseases caused to plant roots. Excellent reviews on the interactions of plant-
parasitic nematodes with other plant pathogens have been written by Bergeson 
(1972), Pitcher (1963, 1965, 1978), Powell (1%3, 1971a, 1971b, 1979), Taylor 
(1979,1991) and Wallace (1978), Francl and Wheeler (1993) Evans and Haydock 
(1993), Sitaramaiah and Pathak (1993). These reviews analyse many specific 
interactions. In most the interactions involving fungi and nematodes, nematode 
are not essential for the establishment and development of the disease caused by 
the fungal pathogen. The nematodes usually assist the fungal pathogens by 
altering the host physiology which in turn favours the development of the fungal 
pathogens causing speedy development and increased severity of the disease. 
Thus, the interaction between a plant- parasitic nematode and a fungal pathogen 
is often indirect and occurs owing to induced modifications in the host planL In 
sedentary endoparasitic nematodes such as root-knot nematodes, these 
modifications are extensive and complex. However, the fungus-nematode inter-
actions may be direct occasionally (Powell, 1971; Evans and Haydock, 19931 
Another type of multiple pathogen interaction is the interaction between 
biotic and abiotic (air pollutants) pathogens. Air pollutants have been refen-ed 
 
 
 
 
 
  
 
 
 
to as 'plant pathogens' since diseases induced by these have many features in 
common with those induced by biotic pathogens (Cowling and Horsfall, 1979). 
Air pollutants are emitted to the atmosphere from the point source continuously 
and spread in all directions depending upon direction and velocity of the wind, 
affecting plants growing in the vicinity. Therefore, on air pollution stressed 
plants, associated microorganisms including plant parasites are likely to be 
affected At present, very little is known on the effect of pollutants on parasitic 
diseases of plants and host-parasite relationships. Some studies, however, have 
been undertaken to determine this aspect of air pollution impact Parasitism may 
be increased or decreased through a direct effect of a pollutant on the parasite, 
or the effect may be indirect through pollutant- induced changes in the host plant 
Studies undertaken show that fungi differ in their reaction to SO2. Powdery 
mildews, rusts and wood-destroying fungi are sensitive to SO2 (McCallan et al., 
1940; Johanson, 1954; Heagle, 1973, 1982; Khan and Kulshreshtha, 1991). 
Air pollution also affects the nematode parasitism of plants. Reproduc-
tion of nematodes like Heterodera glycine'asid. Paratrichodorus minor is reported 
to be decreased by O3 alone or in mixture of SO2. The same pollutants, however, 
did not affectBebnolaimus longicaudatus and Pratylenchidspenetrans (Weber et 
al., 1979). Reproduction oiP. penetrans on tomato was, however, slighth- sup-
pressed by O3 but not by SO2. Bisessar and Palmer (1984) found that root-knot 
nematode (M. hapla) infected tobacco plants were also more sensitive to ambient 
ozone. Reproduction of Pratylenchus penetrans was increased when plants were 
exposed to SO2 before nematode inoculation. Singh (1989) observed that in-
cidence of infection of chick-pea byM. incognita andM.;avanica were less around 
a coal-based thermal power plant releasing SO2 and fly ash as major air pol-
lutants. The inhibition of the root-knoe disease was directly correlated with the 
ambient levels of the air pollutants. Khan and Khan (1993) observed a synergistic 
interaction between M. inco^ita and sulphur dioxide on tomato plants. They 
observed that galling was enhanced in plants exposed to both, high and low doses 
of the pollutant whereas nematode reproduction was enhanced only at low level 
 
 
 
 
 
  
 
 
 
of S02when inoculation of the nematode and exposure of the plants to SO2 were 
done concomitantly. 
Some studies have been undertaken to determine the effect of air pollu-
tion on nematodes or fungal diseases, but there has been no attempt to determine 
the impact of air pollution on fungus- nematode interactions. Therefore, the 
present work was undertaken with the main objective of ascertaining the impact 
of air pollution caused by SO2 on interaction of Fusarium oyysporum f.sp. ciceri 
with Meloidogyne incognita on chick-pea. 
Experiments have been carried out under artificial treatment conditions 
i.e. using exposure chamber for SO2 treatments. The following aspects have been 
studied: 
1. Response of some chick-pea cultivars to root-knot nematode, Meloidogyne 
incognita 
2. Response of some chick-pea cultivars to wilt fungus, Fasarium oxysporum f.sp. 
ciceri 
3. Response of some chick-pea cultivars to sulphur dioxide 
4. Interaction of M. incognita and F. oxysporum f.sp. ciceri on two chick-pea 
cultivars susceptible and resistant to the wilt fungus 
5. Impact of SO2 on interaction of A/, incognita with F. oxysporum f.sp. ciceri on 
chick-pea cultivars susceptible and resistant to wilt fungus 
6. Effect of SO2 and acidified water on juvenile hatching of M. incognita 
7. Effect of SO2 on growth of F. oxysporum f.sp. ciceri 
 
 
 
 
 
  
 
 
 
LITERATURE REVIEW 
Chick-pea {Cicer arietinum L.) is one of the most important pulses cul-
tivated in Asia and especially in India. Chick-pea is perhaps indigenous to the 
south-east Europe (Argikar, 1970). It is supposed that it was cultivated in Egypt 
from the early earliest time of Christian era where it was introduced from Greece 
and Italy (Argikar, 1970). Its introduction to India is of a more early date. It is 
considered to have originated in the tract lying between Caucasus and the 
Himalayas where from it has spread to the southern Europe, Persia (Iran), Eg\pt 
and India. It has also been introduced to parts of central and southern America, 
Australia and parts of Africa. Cicer includes 22 species (Index Kewensis, 1913) 
distributed in the Mediterranean and West and Central Asia. In Asia minor and 
Egypt, they occur only in wild state, Cicer soongaricum is cultivated in parts of 
the Western Himalayas. Seeds of the two wild species C. pinnatifidtim Jaub & 
Spach (Avdulov, 1937) and C. montbreii Jaub & Spach are small. The seeds of 
the former species have minute spines on the testa while the seeds of the latter 
have a smooth testa (Iyengar, 1935). 
Air Poiiution and Plants 
All living organisms including plants are dependent on their environme nL 
The various gases and inorganic substances obtained from air, water and soil are 
converted into complex organic molecules by plant leaves. Presence of gaseous 
pollutants in the air affect the pert'ormance of plants directly or indirectly by 
inhibiting or accelerating the plant metabolism which may influence their 
productivity. A considerable amount of gaseous air pollutants originating from 
various sources pollute the air. Sulphur dioxide (SO2), ozone (O3), oxides of 
nitrogen (NOx) are recognised as the most important toxic gaseous air pollutants 
and harmful to the plants (Heck, 1982). Cameron (1974) observed that factory 
smoke which caused disease in plants contained SO2. According to Heck ei al. 
(1982) crop losses due to air pollutants may reach up to 90%. They suggested 
that in conducting agricultural research, air quality- agricultural plant ecosystem 
interrelationship should be taken into consideration. Air pollutants alter the 
 
 
 
 
 
  
 
 
 
8 
susceptibility of plants to biotic pathogens like fungi, nematodes, bacteria etc 
(Heagle, 1973,1982). 
Sulphur dioxide 
Sulphur dioxide a common air pollutant is emitted from various industrial 
sources and its adverse effects on vegetation in the vicinity of these sources have 
been documented. Some of the industrial sources are: 
1. Zinc, nickel, copper and lead smelters 
2. Iron concentrators 
3. Petroleum refineries 
4. Pulp and paper mills 
5. Coal-fired thermal power plants 
Effects of sulphur dioxide on plants 
The effect of sulphur dioxide on forest trees, horticultural plants and 
lichens have been documented. Effects of various sulphur pollutants have been 
reviewed by Thomas (1951), Daines (1968), Barrett and Benedict (1970), 
Varshney and Garg (1979), Amundson (1983), Benders/a/. (1986), Flagler and 
Younger (1986), Bytnerowicz et al. (1987), Kumar and Yadav (1988). 
Sulphur is an essential element for plants. It is a constituent of the amino 
acids like cysteine and methionine; vitamins like thiamine and biotin; and other 
biochemical substances such as glutathione, coenzyme A and cytochrome c. 
Normally, sulphur is taken up by plants from soil in the sulphate form and 
assimilated into various compounds usually after being chemically reduced-
Sulphur dioxide absorbed from air has been shown to rapidly undergo oxidation 
to sulphates inside plant tissue. De Comis (1969) found that tomato plants soon 
after exposure to SO2 had 98% of the S in the form of sulphates. Sulphur dio.xide 
enters the mesophyll tissue of the leaves through stomata and reacts with water 
to produce sulphite ions which is slowly oxidized to sulphate ions. The sulphate 
 
 
 
 
 
  
 
 
 
ions may then be utilized by the plant as nutritional sulphur and converted to 
organic form (Thomas et al., 1944). The sulphite and sulphate ions are toxic to 
plant cells when are in excessive amounts. However, the sulphite ions are about 
30 times more tone than the sulphate ions (Thomas et al., 1943). As SO2 enters 
through stomata, factors that affect stomatal opening also affect the response of 
plants to SO2 (Thomas 1951,1961; Daines, 1968). 
The first visible evidence of SO2 injury to plants is discernible in the 
foliage. The effects of SO2 on plants may be divided into three categories: acute, 
chronic and subtle. Sulphur dioxide after entering the leaves affects metabolic 
processes taking place in the mesophyll cells. Acute injury is caused by a rapid 
accumulation of bisulphite and sulphite ions. When the oxidation product, sul-
phate, accumulates beyond a threshold value that the plant cells can tolerate, 
chronic injury occurs. 
Acute injury is macroscopic necrotic injury to plant tissue visible within 
hours or days after exposure to high concentrations of SO2 for a short term (less 
than 24 h). Acute injury to broad leaves takes the form of lesions on both surfaces, 
usually appearing between veins, and often more prominent towards the petioles 
and the injury is local. The metabolic processes are completely disrupted in the 
dead or necrotic areas with the surrounding green tissue remaining functional. 
In some cases, injury can occur on the margins of the leaves. Initially water-
soaked, flaccid areas of diffuse, grayish-green colouration appear and the 
chlorophylls appear to have diffused from the chloroplasts into the cytoplasm. 
This is followed by desiccation and shrinkage of the affected cells. The green 
pigments are decomposed and the affected leaf area assumes a bleach, ivon'. tan, 
orange-red, reddish-brown, or brown appearence. Young leaves rarely display 
necrotic markings whereas fully expanded leaves are most sensitive to acute SO2 
injury (Linzon, 1978). The point of attack of sulphur dioxide in grasses (Benedict 
and Breen, 1955: Brennan et al. 1970; Bell and Clough, 1973: Cowling and 
Lockyer. 1976; BelL 1982) and in pines (Karpen, 1970: Berry. 1971; Roebarts, 
1976) is the tip of foliage which becomes reddish-brown followed by necrosis in 
 
 
 
 
 
  
 
 
 
10 
contrast to the broad leaved plants where the symptoms may appear anywhere 
in the leaf. 
Chronic injuiy is macroscopic chlorotic injury (sometimes changing to 
necrotic injury) to plant tissue. It usualy develops over a long period of time from 
exposure to variable concentrations of SO2. Chronic injuiy appears as a yellow-
ing or chlorosis of the leaf, sometimes from lower to upper surfaces on broad 
leaves. Occasionally only a bronzing or silvering occurs on the under surface of 
the leaves. The leaves displaying chronic injuiy show reduced rate of metabolism 
(Linzon, 1978). 
Subtle effects of SO2 are measured by physiological or biochemical 
changes and/or reduction in plant growth or yield in the absence of macroscopic 
injuiy (Katz and McCallum, 1939). 
For acute injury to occur, environmental and plant factors are importanL 
These includes sunlight, moderate temperature, high relative humidity, adequate 
soil moisture and plant genotype and the stage of growth (Dreisinger and 
McGovern, 1970). Katz and McCallum (1939) subjected various plant species to 
different SO2 concentrations over a number of exposure periods. The threshold 
for injuiy was found to be 0.3 ppm SO2 for 8 h for western larch (Larix occiden-
talis) and 0.14 ppm SO2 for 12 h for Doughlas fir (Pseiidotsuga tcodfolia). In an 
1 h experimental exposure, Zimmerman and Crocker (1934) reported that 0.66 
ppm SO2 injured buckwheat {Fagopyrwn esculentwn). Acute injury- was 
produced on foliage of trembling aspen {Populus tremuloides) in artificial fumiga-
tion with 0.35 ppm SO2 for a period of 3 h. Moderate to severe injury to several 
Kentucky bluegrass (Poa pratensis) in artificial fumigation of 0,2 ppm SO: tor 2 
h was observed. 
The acute effects referred to above may be considered response to 
medium doses of SO2. In the literature, there are reports of responses of plants 
to much lower and the substantially higher SO2 doses. In artificial fumigation 
experiments SO2 doses as low as 0.3 ppm for 1 h (Cosionis, 197 X) inj ure extremely 
 
 
 
 
 
  
 
 
 
11 
sensitive strains of eastern white pine; and conversely SO2 doses as high as 2.0 
ppm for 2 h are required to injure tolerant plant species as Acacia pruinosa, 
several desert plant species, and several chiysanthemum varieties. Khan (1988) 
found browning and chlorosis in leaves of eggplant, tomato and okra induced by 
the SO2 especially at 0.2 ppm of SO2. Similar effects were found by Singh (1989) 
on chick-pea and lentil and by Pasha (1990) on cucumber. 
The U.S. Environmental Protection Agency (1973) has concluded that 
many short term high concentration episodes were responsible for the injury and 
growth reductions to occur in the vicinity of an iron ore concentrator emitting 
only about 10 tons of SO2 daily. Although vegetation injury was severe in 
immediate vicinity of the plant, SO2 damage extended for only a little more than 
2 km from the source (Guderian and Stratmann, 1962). Khan and Khan (1991) 
observed that tomato plants grown in the vicinity of a thermal power plant 
produced foliar injury and damage was greater at 2 km from the source. Linzon 
(1958) observed that three large nickel and copper smelters that discharged about 
6000 tons of SO2 daily into the atmosphere, caused severe damage to pine forest 
with both acute and chronic effects occuring to a distance of about 25 miles. 
Epiphytic lichens which are perennial and evergreen were found to be extremely 
sensitive to SO2 in a polluted environment In a study conducted by LeBIanc et 
al. (1972), the number of lichens found growing on balsam popular (Popidus 
balsamifera) trees was drastically reduced in zones where the growing season 
mean levels of SO2 were over 0.02 ppm and slightly reduced in zones where the 
mean levels of SO2 were over 0.01 ppm. Similarly Skye {1964) found that survival 
of lichens was less in areas with an annual SO2 concentration of approximately 
0.015 ppm. 
Investigators studying the effects of SO2 on vegetation in Europe con-
cluded that visible injuiy, or physiological disturbances or effects on the growth 
oryields of plants could occur in the absence of visible markings (Stoklasa. 1923). 
Several investigators in North America found that non-marking concentrations 
of SO2 emitted under controlled conditions for long period of time did not affect 
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carbon dioxide assimilation, stomatal behaviour, chemical composition or the 
rate of growth of the exposed plants (Hill and Thomas, 1933; Katz et al., 1939). 
Davis (1972) found no yield loss in soybean unless there were visible manifesta-
tion resulting from SO2 fumigations. 
Subtle effects without microscopic visible injury to plant tissues have been 
reported in other investigations. Bennett and Hill (1974) found that sub-necrotic 
pollutant exposures could depress photosynthetic rates.Khan (1988) observed 
that tomato plants grown under air pollution stress in the vicinity of the thermal 
power plant, Kasimpur, India, had significant reduction in their root and shoot 
lengths, fresh and diy weights, chlorophyll a and total chlorophyll contents. He 
also reported an increase in trichome count and decrease in stomata count 
Losses in yields of S23 reyegrass (Loliumperenne) was found in England Plants 
exposed to ambient air in one glasshouse weighed between 16 and 57% less than 
plants grown in similar air in another glasshouse that had 98 to 100% of the SO2 
removed by water scrubbing (Bleasdale, 1973). Keller (1976) introduced the 
term 'latent' for subtle effects and reported the results of long-term exposure to 
a low concentration of 0.05 ppm SO2. The effects included decreased photosyn-
thesis of scots pine {Pinus s\-[vestris), decreased pollen germination in white fir 
(Abies alba), and increased peroxidase activity of needles homogenates of spruce 
{Picea excelsa). Godzik and Linskens (1974) found an increase in the total 
amount of free amino acids and a concurrent reduction in protein synthesis in 
primary leaves of Windusa bean (Phaseolus udgaris) when artificially fumigated 
with 0.70 ppm SO2. Some of the effects were observed after only 1 h of exposure 
and before the occurrence of visible injury. Subtle effects of SO2 have been 
reported on pollen tube elongation in vitro studies (Masaru et al., 1976). 
Miller et al. (1974) found that foliage of many cultivars of soybean were 
sensitive to SO2 but the amount of injury varied with the cultivar. Reinert and 
Weber (1980) found the growth of soybean was inhibited by exposure to 25 pphm 
(665 g/m") of SO2 when pkmts were e.'cposed for 4 h, three times per week for 
11 weeks.The main effect of SO2 were reduction of shoot dry weight at 7th week 
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and total plant growth at 11th weeL SO2 contributed to the reduced growth in 
soybean in the absence of visible SO2 injury. Sprugel et al. (1980) observed that 
soybean plants were relatively sensitive to elevated SO2 concentrations that 
occured near a point source. Reinert and Sanders (1982) found that marigold 
shoot and root diy weights were decreased when plants were exposed to 0.3 ppm 
SO2. Flower dry weight was also reduced. Kress et al. (1986) exposed soyabean 
plants to intermittent SO2 fumigations (4 h a day, three days a week) from shortly 
after emergence until maturity. About 7% yield losses due to 0.10 g m' of SO2 
intermittent exposure was observed. Sheng and Boris (1988) exposed soybean 
cultivars to 0.7 ppm SO2 which resulted in reduction in net photosynthesis and 
stomatal conductance and all the cultivars developed typical SO2 symptoms 
during or after fumigation. Adaros et al. (1991) observed that medium levels of 
S02stimulated the weight of pods of spring rape upto 33%, higher concentrations 
-1 
(88 fim ) caused 123% a decline of yield. 
The exact mechanism of SO2 effects on the plant metabolism is not well 
understood. In this resp>ect, the metabolic process of primary interest is 
photosynthetic carbon dioxide fixation. Since 90 to 95% of the diy weight of 
plants is derived from this process (Zelitch, 1975) the impairment of photosyn-
thesis has been a popular explanation for plant growth reduction caused by SO2-
The primary factor controlling SO2 uptake by plant leaves is the degree 
of opening of the stomata. A initial increase in transpiration has been noticed 
during SO2 exposure (Saxe, 1983). Chauhan (1990) found that production of 
acetaldhyde and ethanol in the seedlings of tomato {Lycopersicon esculentuin), 
mungbean (Vigfia radiata) and maize {Zea mays) was positively correlated to the 
SO2concentrations. The inhibition of photosynthesis is often regarded as the tlrst 
stage of SO2 action on plants. In short- term fumigation, the most sensitive lichen 
species yet studied is Lobarria pulmonaria. whose photosynthesis was inhibited 
after exposure to 0.5 ppm SO2 for 14 h. SO2 injury increases respiration rate of 
the affected plants. The rate of respiration increased initially in pine and spruce 
plants exposed to SO2. 
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Acid rain 
Sulphur dioxide is oxidized in the atmosphere catalytically orphotochemi-
cally. The photo-oxidation rate of 802 in air and sunlight is between 0.1 and 0.2% 
per h. The SO3 molecules combine with water vapour in the air to form sulphuric 
acid (H2SO4) aerosoles. Acid smog injuiy to vegetation observed in Los Angeles 
was described by Thomas et al. (1952). Spots appeared on the upper surface of 
the leaves which later extended throughout the lea£ Wood and Bormann (1974, 
1975) and Wood (1976) reported foliar tissue damage of yellow brifh {Betula 
alleghaniensis) seedlings, using artificial acid mist of pH 3.0, and significant 
growth decrease at pH 23. Increased foliar leaching of potassium, magnesium 
and calcium from sugar maple (Acer sacchanan) and pinto bean seedlings by 
artificial mists of pH 4.0, and tissue damage at pH 3.0 were also observed. 
A small fraction of the sulphur in rain comes down as H2SO4. Oden 
(1976) determined pH and sulphur value of precipitation at three locations in 
southern Sweden and Norway and one location in Denmark which showed that 
the pH average was about 4.5, the sulphur equalled 10 to 20 Kg/ha, and a portion 
of this sulphur comes down as H2SO4. Tabatabai and Laflen (1976) found an 
average of 16 Kg S/ha for precipitation at five rural sites in Iowa. However, the 
pH of the precipitation averaged about 6.2, indicating no significant H2SO4. In 
other words, acid precipitation will slowly acidify soils in some regions, but in 
other regions the precipitation is not acidic, even though it may be high in sulphur 
content They also stated that direct adsorption of SO2 from the atmosphre by 
soils and plants occurs in Iowa. 
Soil acidification 
Sulphur dioxide also causes acidification of soils. Most of the soils are 
susceptible to acidification and the growth of both agricultural crops and forest 
trees can be reduced. The emission of SO2 from industry can acidify large areas 
or regions of lands. The emitted SO2 is introduced to the earth as H2SO4 or 
natural salts from SO2 by rain or snow. SO2 may be absorbed on trees, which 
then intercept rainfall and the H2SO4 formed is carried into the soil; deposition 
of particulates, H2S04and salts takes place and SO2 is directly absorbed by soil. 
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Acidification of soils has been established near large smelters. Katz et al. 
(1939), in a classical study on the effect of SO2 emitted by a smelter in British 
ODlumbia, demonstrated that soil pH was reduced to approximately 3.5 to a 
distance of at least 20 km from the smelter, with an accompanying increase in soil 
content of sulphate, compared to a natural soil pH of about 5 to 6 at greater 
distances. The rate and amounts of SO2 adsorbed by soils are not known to any 
accuracy under field conditions, but adsorption seems to be an important 
mechanism for depositing SO2. In addition this mechanism is the most acidifying 
to soils, in that the SO2 deposited is soon turned into H2SO4 and no neutralizing 
substance is added from the SO2. 
Soil acidity affects the chemistry of soils and conseqnelty the plants that 
are able to grow well on a particular soil. Soil acidity influences plants in number 
of ways. Depending on species, they may suffer from toxic levels of soluble Al, 
and H and from deficiency of Ca, Mg and Mo. The soil pH or the H- ion 
concentration, can be directly toxic to the plant roots when the pH is about 4 to 
3 (Jackson, 1967). When the pH is higher, the hydronium ions has little effect 
on plants, with the exception of legumes. Legumes can be affected by the Hi-ion 
concentration in the formation of nodules with symbiotic root ndoule bacteria 
(Rhizobium or Bradyrhizobhim) and in the actual symbiotic fixation of nitrogen 
in the nodules. 
Root Knot Nematodes and Pulses 
Pulses have been found to be attacked by a number of plant- parasitic 
nematodes and their pathogenicity have been proved (Gupta etal., 1986; Kinloch, 
1980; Azmi and Patil., 1988; Patel et al., 1988; Chavda et al., 1988; Nath et al., 
1979; Mani and Sethi, 1984; Rodriguez-Kabana and Williams., 1981; Herman et 
al., 1988: Kinloch er A/., 1987; Dhanger and Gupta, 1983; Srivastava r^ A/., 1974; 
Singh and Gill, 1990). The important nematodes which are usually found in 
association with the roots of chick- pea are Pratylenchus brachyiirus, Tylenchor-
hynchns spp., Tylenchus spp., Helicotylenchiis spp. Rotylenchulus reniformis and 
Meloidogyne spp. 
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Root-knot nematodes are one of the most destructive plant parasitic 
nematodes with a wide host range and thriving in a greatly diverse habitats. In a 
study on pathogenicity of M. incognita on chick-pea cultivar Pusa-209 using with 
5 levels of inoculum, Mani and Sethi (1984) found a progressive decrease in plant 
growth as the inoculum level of the nematode increased. Nath et al. (1979) also 
found that increase in the level of inoculum of M. incognita resulted in the 
proportional decrease in plant grov/th, flowering, fruiting and bacterial nodula-
tion in chick-pea. Rodriquez-Kabana and Williams (1981) observed thatM. 
arenaria andM. incognita prevalent in sandy soils severly limited soybean, Glycine 
max (L) Merr. yields. Herman et al. (1988) observed thatM. incognita sup-
pressed shoot growth of soybean which was claimed to be resistant to the 
nematode. 
Gupta et al. (1986) screened 219 varieties/lines of mung bean for their 
susceptibility to root-knot nematode, M. javanica, and found none as resistant 
Azmi and Patil (1988) studied effect of M inco^ita on carpet legume (Doiichos 
lablab van lig^iosus). They observed a decrease in the length, fresh weight of shoot 
and root as the inoculum density of M. incogjnita increased and significant 
reduction in growth occurred with 1000 nematodes per 500 ml soil. Out of 60 
cowpea lines/germplasm screened by Patel et al. (1988) against a mixed popula-
tion of M. javanica and M. inco^ita, none was found to be resistant Chavda et 
al. (1988) studied reaction of 27 varieties/lines of green gram to a mixed popula-
tion of M. incognita andM. javanica and found that all the tested cultivars were 
either moderately or highly susceptible. Khan and Khan (1987) tested reaction 
of five cultivars of chick- pea against root-knot nematodes, Meloiciogyne incomita 
race 1 and M. javanica and found that all the cultivars were susceptible to both 
the nematode species. Koenning and Baker (^ 1992) observed that yield suppres-
sion and damage to pods of peanut as a result of galling were greatest in response 
toM. arenaria than M. hapla and reproduction of M. arenaria race 1 was greater 
than M. hapla. 
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Chick-pea and Soil-borne Fungal Pathogens 
Fungal pathogens causing wilt and root-rot are the main limiting factors 
in the production of pulses. Of the diseases reported on chick-pea (C. arietinum) 
from different parts of the world, Fusarium wilt caused by Fusarium oxysporum 
f.sp. ciceri is of great economic importance. Other diseases of importance are 
Ascochyta blight caused by Ascochyta rabiei, stem rot caused by Sderotinia 
sderotiorum and root-rot caused by Macrophomina phaseoliria. They are com-
monly observed in the farmer fields (Haware, 1990). Westerlund et al. (1974) 
observed that F. solani f.sp. pisi and F. oxysponim f.sp. ciceri caused similar 
yellowing and wilting of the chick- pea shoots, but the former caused distinctive 
black rot lesions and the latter vascular discolouration e^ctending to the top of the 
shooL They observed that F. oxysporum £sp. ciceri may require wounding for 
efficient infection, but i^ solani Lsp. pisi does not It was found thatF. oxysponim 
f.sp. ciceri was not seed- borne, but there were evidences which showed F. solani 
f.sp.pwi was seed-borne. Mani and Sethi (1985) found fiv^e pathogenic fungi, viz., 
Fusarium oxysponim f.sp. ciceri, F. solani Lsp. pisi, Pytbium ultimum,Rhizoctonia 
solani, and Macrophomina phaseolina {Rhizoctonia bataticola associated with 
root-rot and wilt of chick-pea. Of these, F. solani was reported to cause appreci-
able loss to chick-pea under Delhi conditions. Bhatti et al. (1987) isolated 
Fusarium spp., Rhizoctonia solani, Macrophomina phaseolina and Verticillium 
albo-atrum from wilted plants of chick-pea. 
Kotasthane etal. (1980) reported thatwilt of chick-pea is caused by several 
soil-borne fungal pathogens including F. oxysporum f.sp. ciceri^. Sclerotium rolfsii, 
K bataticola and Opercalella padmcki. The disease was found to be a limiting 
factor in its production in Madhya Pradesh, India. Mortality in the early seedling 
stage was chiefly due to S. roljsii while at flowering F. oxysporum f.sp. cicai was 
the major pathogen. Alvarez and Bringer (1987) isolated F. solani from^hick-pea 
plants showing reduced growth, leaf yellowing, defoliation and premature death. 
There were collar and root lesions, but no vascular discolouration. Trapero-
Casas and Jimemnez-Diaz (1985) in a disease survey in 1979-1981 observed that 
chick-peas in southern Spain were severly affected by a wilt and root-rot complex 
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Symptoms included vascular wilt oryellowing, non-vascular yellowing, collar and 
root-rots or cortical collar and root necrosis, and yellow stunt They found that 
F. oxysporum, F. solani and M. phaseoUna were associated with the wilt and root-
rot complex. Salmon-pigmented isolates of F. oxysporum induced vascular wilt 
or yellowing, and reddish- pigmented isolates induced non-vascular yellowing 
and cortical collar and root necrosis. F. solani and F. ewnartii induced non-vas-
cular yellowing and black collar and root rot M. phaseoUna induced dry collar 
and root-roL Simay (1989) detected Botrytis cinerea from chick-pea seedlings 
showing pod and seedling-rot symptoms. Wilt of chick-pea caused by F. 
oxysporum f.sp. ciceri vjas observed for the first time in India in 1940 by Padwick 
(1941). According to some estiamtes it causes about 10% loss in yield annual^ 
(Singh and Dahiya, 1973). 
Impact of the disease on the host's physiology and mechanism of the 
disease development have also been determined. Marumkar and Chavan (1985) 
observed that infection of chick-pea by F. oxysporum f.sp. ciceri resulted in 
reduction in chlorophyll and increase in organic acids, polyphenols and car-
bohydrates. Toxins isolated from culture filtrate of F. oxysporum f.sp. ciceri by 
Kaur etal. (1987) caused browning and inhibition of callus growth, and reduced 
free proline and soluble protein content of cell. Wilt resistant varieties were less 
sensitive to toxins. Toxins did not result in bursting of protoplast Primar\- site 
of action of toxins was inhibition of RNA synthesis. Murthy and Bagyaraji (19S0) 
observed that the root and shoot protein of resistant varities contained higher 
amount of totnl alkaloids than the susceptible cultivar. Alkaloids were fungi toxic 
and accumulated at the site of wounds. 
Fusarium oxysporum f.sp. ciceri has been detected inside chick-pea seeds. 
It reaches seeds by systemic pathway (Conci et al., 1985). Sharma and Gupta 
(1986) noted that chlamydospores of i*". ox\'sporum f.sp. ciceri remained viable 
throughout the high temperature of the summer month during the monocropping 
period in naturally infected roots of Cicer arietimtm at soil depth of 5, 10 and 15 
cm. The fungi did not survive in roots placed on the soil surface. Bhatti and Kraft 
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(1992) studied effects of inoculum densities and temperature on wilt of chick-
pea. Wilt increased with increased levels of inoculum. Wilt severity, however, 
did not increase with increased inoculum levels of 10 or 10 microconidia and 
macroconidia per milliliter. However, wilt symptom was less severe at 10,15 and 
7if C than at 25 and 30*'C. Soil compaction had no effect on the disease. 
Interaction of Sulphur Dioxide and Plant Parasites 
Effects of SO2 on the relationship between plant host and various plant 
pathogens have been examined both in ambient and artificial treatment condi-
tions (Hegale 1973,1982). Treshow (1965) summarized the interaction benveen 
several air pollutants including sulphur dioxide, and host-parasite relationships. 
A number of possible effects on host-parasite interactions may occur when the 
plant is growing under air pollution stress. The severity of the parasitism may be 
increased or decreased as a result of the action of the pollutant on the virulence 
of the parasite or on th'susceptibility of the host 
Fungal plant pathogens and sulphur dioxide 
Fungal pathogens may be affected by SO2 directly or indirectly through 
the effect upon their hosts. Generally, SO2 as air pollutant decreases the severity 
or incidence of fungal diseases in plants. In general, obligate fungal plant 
pathogens are more sensitive to SO2 than other fungal plant pathogens. Rust 
diseases appear to be particularly sensitive to SO2. Johanson (1954) reported 
less wheat stem rust caused by Puccinia graminis in an industrialized area of 
Sweden than in non- industrialized areas. Scheffer and Hedgcock (1955) found 
decrease of a number of rust diseases caused by species of Cronanium, 
Coleosporium,Melampsora andPeridermiu/n, where trees were injured by SO2. 
Weinstein et al. (1975) found that SO2 reduced the incidence and severity of rust 
disease on pinto bean caused by Uromyces phaseoli. Continuous exposure to 0.13 
ppm of SO2 on the 8 days before inoculation or on the 7 days after inoculation 
caused foliar injury. Number of pustules and the size and percentage germination 
of spores produced on exposed leaves were decreased. In a study Giacomo et al. 
(1990), while studying the effect of sulphur dioxide on the parasitism of the rust 
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fungus, Uromyces viciae- fabae on Viciafaba, observed that lower concentration 
of SO2 increased uredia density but concentrations betweein 100-130 ml litre' 
were somewhat inhibitory for the parasite even in the absence of any visible 
damage symptoms on the host Pre-and/or post-inoculation fumigation treat-
ments enhanced rust formation. But SO2 pollution did not decrease germination 
ability or alter the morphological parameters of the uredospores of the rust 
fungus. 
Fungal diseases on plant foliage have been reported to be reduced in 
incidence by atmospheric SO2 in the vicinity of industries in several countries. 
These includes leaf fungi like Hypodermella laricis, Lophodermiumpinastri, and 
Hypodermella sp. (Scheffer and Hedgcock, 1955), Hysterium pulicare (Skye, 1965) 
and Venturia inaequalis (Pryzbylski, 1967). Kock (1935) reported the absence of 
oak powdery mildew caused by Microsphaera alni near a mill in Austria. Saunders 
(1966) observed that rose black spot disease caused by Diplocarpon rosae was 
rarely present in areas where the daily average SO2 concentration was greater 
than 0.04 ppm. Khan et al. (1991) found less incidence and severity of powdery 
mildew of cucurbits caused by Sphaerothecafuligiea at 2 km around the ceramic 
and pottery industries at Khurja, India than at 4 km. Pasha (1990) observed 
similar effects on powdery mildew of cucurbits grown in fields neighbouring a 
coal-fired thermal power plant at Kasimpur (Aligarh), India. 
The parasitism of non-obligate fungal pathogens is inhibited or stimulated 
by SO2 or there is no effect. Exposure of bean plants that decreased parasitism 
of Uromyces phaseoli did not affect parasitism of tomato leaves by Altemaria 
solani. Laurence etaL (1979) observed decrease in number oiHebninthosporium 
maydis lesions by 38% when maize plants were exposed to SO2 on the 8 days 
before inoculation (0.15 ppm for 14 h daily). If the exposure occurred on the 8 
days before and on the 2 days after inoculations, the number of lesions decreased 
by only 13-16%. 
Spores of most fungi have been found to be very resistant to direct 
exposure to SO2. Moist spores apparently show more sensi xivi ty than the dry ones. 
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Couey and Uota (1961) observed that SO2 inhibited conidial germination of 
Botrytis cinerea. Couey (1965) found inhibition in conidial germination oiAlter-
naria sp. Wet conidia were more sensitive to SO2 than dry conidia. But Hibben 
(1966) found no effect on germination of spores of 10 saprophytic and parasitic 
fungi when they were exposed on agar to 10 ppm SO2 for 1-6 h. Conidia of 
Diplocarpon rosae germinated abnormally and hyphal growth was reduced in 
aqueous sulphite solutions that contained the equivalent of more than 35 ppm 
SO2. Spores of other fungi such &s Aspergillus miger andAltemaria brassicicola 
were also affected but were more resistant than D. rosae (Saunders, 1966). 
Germination of Schirrhia acicola conidia suspended in water was not affected by 
exposure to 0.90 ppm SO2 for 6 h (Ham, 1971). Khan and Kulshreshta (1991) 
studied effect of SO2 on conidial germination of eight powdeiy mildew fungi viz., 
Sphaerotheca fiiliginea, Sphaerotheca cassiae, Erysiphe cichoracearum, Erysiphe 
trifolii, Erysiphe pisi, Microsphaera alphitoides f.sp. zizyphi and Phyllactinia dalber-
giae. All the powdery mildew fungi were sensitive to SO2 and their conidial 
germination was inhibited. SO2 concetration and exposure duration were deter-
minants of inhibition. 
SO2 is also reported to increase the severity of foliar diseases. Tanaka et 
al. (1982) reported that sooty leaf mold disease, Rhizosphaera kalkhoffii, was 
more severe on Pinus densiflora trees that were inoculated and transplanted to 
areas with high concentration of atmospheric SO2 than on trees in areas with no 
air pollution. Weidensaul and Darling (1979) observed more lesions oi Schirrhia 
acicola on needles of scots pine seedlings when they were exposed to 0.20 ppm 
SO 2 at 5 days after inoculation than on unexposed plants. The effect was similar. 
but not significant when the 6 h exposure ended 30 min. before inoculation. 
Plant parasitic nematodes and sulphur dioxide 
The effect of sulphur dioxide on host-parasite interaction of plant-
parasitic nematodes has gained little study. But there is evidence indicating the 
effect of air pollution on pant-parasitic nematodes. Bassus (1968) found occur-
rence of fewer numbers but a greater variety of nematode species in soils where 
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trees were damaged by SO2. Khan (1988) studied the effect of different con-
centrations SO2, O3 and SO2-O3 and of simulated acid rain on tomato plants 
inoculated with M. incognita race 1. He observed that SO2 and O3 and A/. 
incognita acted synergistically in reducing plant, yield and leaf pigments of 
tomato. When tomato plants inoculated with M. incognita race 1 were exposed 
to SO2 + O3 mixture at 0.2+0.2 ppm or 0.2+0.1 ppm of each pollutant 
respectively, synergistic reductions in growth and yield of tomato were observed. 
Effect of SO2,03 and their mixture on hatching of juveniles of A/, inco^ita and 
M. javanica vfa& studied by Singh (1989). Juvenile hatching of both the species 
was suppressed by the treatments. Higher concentrations of pollutants were 
more suppressive than the lower concentrations, and the effect of mixture of SO2 
and O3 was greater than their individual effects. M. incognita'w^s, more sensitive 
to pollutant mixture than M. javanica. Khan and Khan (1993) observed syner-
gistic interactions between sulphur dioxide and Meloidogyne incognita race 1 in 
concomitant and post-inoculation exposures at 286 and 571/a gm~^, respectively 
on tomato plants. They further observed that both concentrations enhanced gall 
production whereas reproduction of nematode was enhanced in concomitant 
inoculation exposure at 286^gm and inhibited at 571 /< gm'\ Khan (1988) 
observed a synergistic interaction between M. incognita race 1 and simulated acid 
rain at pH 3.2 on tomato plants. They together caused greater reduction on 
tomato plants than the sum of the reductions caused by each individually. Root 
penetration and production of M. incognita race 1 and disease intensity were 
significantly increased at pH 6.6, but at pH 3.2 significant decrease was recorded. 
Khan et al. (1991) observed that when the pollutants emitted in the 
ambient air from a ceramic and pottery industry were not at the damaging level 
cucurbit for plants and there was only a slight change in physio-chemical proper-
ties of soil, the root- knot disease of bottlegourd and cucumber was favoured. 
Weber et al. (1979) observed that non-injurious doses of SO2 failed to affect 
adversely four nematode parasites of soybean viz., Pratylencnus penetrans, 
Belonolaimus longicaudatus, Heterodera glycines and Paratrichodorus minor, or 
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one nematode parasite in leaves oihegoma, Aphelenchoides jragariae. However, 
reproduction of P. penetrans was increased when soybean plants were exposed to 
SO2 on the 4 days before inoculation and on 3 days per week for 13 weeks after 
inoculation (0.25 ppm for 4 h daily). This dose of SO2 was not enough to injure 
leaves or to affect plant growth. Exposure of soybean plants to SO2 enhanced the 
reproduction of P. penetrans compared with plants exposed to the charcoal 
filtered air control Brewer (1979) observed that reproduction of P. penetrans on 
tomato was slightly suppressed by O3 at 0.2 ppm but not by SO2 at 0.80 ppm (3 
h/day on 2 days per week, for 8 weeks). However, the mixture of 0.2 ppm of O3 
and 0.80 ppm of SO2 caused increased reproduction of P. penetrans. Shew et al 
(1982) conducted a series of experiments to understand the possible interaction 
of P. penetrans and O3 and SO2 on tomato plants. Tomato cultivar "Walter" was 
inoculated with initial population densities of P. penetrans ranging 0-4000 
nematodes per pot and the plants were repeatedly exposed for 3 h to various 
dosesofO3i.e.,0.0-0.4;f///iVofair(l;*/O3///r of air = \.%Qfig Os/m^ of air). 
In another experiment, tomato plants, uninoculated or inoculated with P. 
penetrans were e:q)osed (4 h per exposure) 15 times to 0.2 fi I Os/lit of air or 0.2 
^ I SO 7/lit (l./i / SO 2/lit of air=2620;/ g SO 2/m^ of air), or both, or were ex-
posed (3 h per exposure) to 0.2 ^  I Oi/lit of air or 0.8 n I SOi/lit of air or both. 
Exposures to charcoal-filtered air served as control Decrease in diy weights of 
plant parts excised from tomato plants exposed to 0.2/i / O3//1V of air added to 
the decrease in diy weight caused by exposure to SO2SO2 at 0.2 ^  l/lit of air 
adequately predicated to decrease in diy weight of tomato plants caused by 
exposure to 0.2 ft 10^ + 03/^1 SO2 per liter of air. When 0.2 fi lOi and 0.8 ft I 
S02 per litre of air were present in mixture, they acted antagonitistically and 
caused less change in leaf and shoot dry weight than could be predicted by the 
main effect of 03 and S02 They further observed that a mixture of 0.2 /z / O3 
and 0.8 fi ISO2/IU of air enhanced reproduction of P. penetrans. 
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Legumes and Root Noduiation 
Among the flowering plants, leguminous plants have the ability of fixation 
of atmosspheric nitrogen through symbiosis of roots and nodule forming bacteria 
Le. Rhizobium 2i\id Bradyrhizobium of the Rhpzobiaceae family. This symbiotic 
association is of great agricultural importance. Root nodule forming bacteria are 
free in soil especially in the root region of the plants. They can enter into 
symbiosis only with leguminous plants by infecting their roots and forming 
nodules on them. After the period of nitrogen fixation, the mature nodule decays, 
liberating motile bacteria in the soil which normally serve as a source of inoculum 
for the succeeding crop of a given species of legume (Subba Rao, 1972,1975). In 
the absence of legumes, the soil population of rhizobia declines. 
On the basis of growth on a defined substrate, root nodule bacteria are 
classified as fast growers and slow growers. The fast growing sub-polar flagellated 
strains are considered as Rhizobium whereas slow growing polar or sub-polar 
flagellated strains as Bradyrhizobium (Huang 1987). Bacterial cells are rod-
shaped, short to medium size (0.5-0.9 X 1.2-20 ^ ) and gram negative. The first 
site of infection is the root hairs of the plant which later on give rise to zone of 
infection by later infections of root haii^. The number of infected root hairs 
increases untill the first nodule is formed. 
Air pollution and nodule forming bacteria 
Sulphur dioxide increases the soil acidity which can conceivably influence 
the soil microbial population and their activity. Root-nodule bacteria, Bradyr-
hizobium and Rhizobium are soil inhibitants and are, therefore, likelv to be 
affected by the soil acidity. Development of root-nodules on the leguminous 
crops and their efficiency of nitrogen fixation may be affected which in turn would 
effect the plant growth and their productivity. Shriner (1974) found that kidney 
bean and soybean exposed over 8 weeks in the field or 5 weeks in the greenhouse 
to simulated acid rain of pH 3.2 developed an average of 75% fewer nodules than 
plants exposed to pH 6 treatments. OveralL 74% of the plants that failed to 
nodule at all had received pH 3.2 treatments. In a time-related study, noduiation 
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was inhibited most by daily exposure to pH 3.2 treatment applied 15-21 days after 
plants were inoculated 'withRhizobium. 
In vitro growth suppression of chick-pea and lentil strains oi Rhizohium 
was observed by Singh (1989) when they were exposed to 0.1 and 0.2 ppm of 
S02and O3. The chick-pea strain was more sensitive to SO2 whereas lentil strain 
to O3. He further observed that root-nodulation was significantly decreased as 
SO2 concentration increased. Kumar and Prakash (1990) observed that nodula-
tions in pigeon pea {Cajanus cajan) and pea (Pisum sativum) were suppressed by 
SO2. They further observed that dry and fresh weights of nodules were decreased 
as a result of exposure of plants to the sulphur dioxide and this decline in fresh 
and dry weights increased as SO2 concentrations increased. 
Nematodes and nodule forming bacteria 
Interactions between root nodule bacteria and plant-parasitic nematodes 
have been reported on several leguminous plants. Depending upon the mode of 
parasitism of the nematode the impact on interactions with root nodule bacteria 
differs. Interactions of root-knot nematodes and root nodule bacteria have been 
studied and well documented (Nigh, 1966, Balasubramanian, 1970; Bopaiah et. 
aL 1976; Barker and Hussey, 1976; Huang, 1987; Taha, 1993). 
Robinson (1961) observed formation of nodules on root-galls and gall 
formation on the nodules. Nigh (1966) observed that M. javcmica infection 
reduced nodule formation in alfalfa plants. Taha and Raski (1969) reported that 
nodules infected with M javanica deteriorated rapidly as compared to non-in-
fected ones. Balasubramanian (1970) noticed that soybean plants infected with 
root-knot nematodes had reduced nodulation. He suggested that nematodes 
rendered the infected plant roots physiologically incompatible to the bacteria. 
Sharma and Sethi (1975) noted intereference of M. incognita and Heterodera 
cajani with leghaemoglobin content of the cowpea root nodules. M. incognita 
was claimed to be more successful in this respect Bopaiah et. oL (1976) observed 
that inoculation of mungbean (Vigna radiata) with M. javanica prior to root 
nodule bacterium resulted in maximum reduction of nodules, whereas in plants 
 
 
 
 
 
  
 
 
 
26 
in which lihizobium inoculation preceded nematode inoculation or inoculated 
with Rhizobium alone, growth and nodulation were normal. The infestation by 
the nematode interfered with nitrogen fixation and reduced the nitrogen content 
of shoot and root Wani and Alam (1993) reported a significant reduction of 
nodulation in some chick-pea cultivars inoculated withM incognita. 
Air pollution, plant-parasitic nematodes and ncduie forming 
bacteria 
Adequate attention has not been paid towards the interaction of air 
pollutants, root nodule bacteria and plant-parasitic nematodes. In an experi-
ment, Weber et. al. (1979) studied effect of such interactions on soybean. Seven-
day-old soybean seedlings were inoculated with Rltizobiiim japoniaim and 
transplanted after a week of inoculation. The transplanted seedlings were inocu-
lated with Heterodera glycines, Belonolaimus longicaudaius. Pratylenchiis 
penetrans and Paratrichodonis minor and e.xposed to O3 and O3-SO2 mixture. 
Pollutant- nematode interactions had variation in their impact on nodulation. In 
single pathogen inoculation. H. glycines suppressed the nodulation significantly 
so that pollutants did not change the result significantly. The effect of interaction 
of B. longicaudatus and P. minor, with the SO2-O3 mixture or <9j alone were 
additive, so much more suppression of nodulation was observed. However. P. 
penetrans and O3 or O3-SO2 mixture did not show significant effect on nodula-
tion. Singh (1989) also found greater suppression of root nodulation on air-pol-
lution stressed plants of chick-pea and lentil in the presence of root-knot 
nematodes. 
Interaction of Nematodes with other Soil-borne Plant 
Pathogens 
Diverse interactions occur among the soil microorganisms present in the 
root zone of any crop plant Majority of root diseases have a complex etiology 
(Wallace. 1978; Grogan, 1981). Most root diseases are influenced by associated 
microorganisms. Root infection by one pathogen may modify the host response 
to subsequent infection by pathogens or saprophytes. The term interaction is 
used quantitatively and qualitatively in describing the interrelationship between 
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two or more factors involved in plant diseases. Synergism and antagonism are 
best considered as terms describing quantitative plant disease interactions and 
that the combined effect of a plant-parasitic nematode and other plant disease 
organism in either greater or less than the sum of the effects of the individual 
organisms (Wallace, 1983). 
Nematodes, fungi, bacteria, soil-borne viruses, etc. are soil inhibiting 
microorganisms and their pathogenicity to many crop plants are well docu-
mented. Plant-parasitic nematodes are capable of causing well manifested 
diseases on their own, but in association with other pathogens they cause much 
greater damage due to synergistic action of interacting organisms. There are 
many statements available which suggest that synergistic interactions are com-
mon and constantly degrade plant health (Powell ef a/., 1971; Francl and Wheeler, 
1993; Evans and Haydock, 1993; Sitaramaiah and Pathak, 1993; Weischer, 1993) 
Nematodes and fungal plant pathogens 
Observations of Atkinson (1892) on the interaction between Meloidogyne 
spp. and Fusarium in cotton wilt disease was the beginning of researches on 
disease complexes. Fusarium wilt of cotton was found to be always more severe 
in the presence of root-knot nematodes. Many investigators have observed that 
Fusarium wilt of cotton caused by Fusarium oxysporum f.sp. vasinfectum was 
greatly increased in the presence oi Meloidogyne incognita (Martin etal., 1956; 
Smith, 1948; Norton, 1960; White, 1962; Brodie and Cooper, 1964; Maier. 1964; 
Minton and Minton, 1966). Porter and Powell (1967) observed that pre- inocula-
tion with nematode caused a significant increase in fungal infection. Many 
investigators have studied the possible interaction of nematodes with other 
soil-inhabiting microorganisms (Powell, 1963,1971a. 1971b; Pitcher, 1%5; Ber-
geson, 1972; Khan, 1984; Webster, 1985; Mai and Abawi, 1987; Taylor, 1991; 
Francl and Wheeler, 1993). 
Interaction with wilt causing fungi 
The interaction hetween Meloidogyne spp. and wilt-causing fusaria have 
been studied more than any other nematode-fungus combinations (Powell, 1963, 
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1971; Maiand Abawi, 1987; Francl and Wheeler, 1993). Martinetal. (1956) were 
the first to study the interaction between Fusarium wilt fungus and Meloidogyne 
spp. in greenhouses or growth chambers using pasteurized, sterilized or 
fumigated soil. Interaction hehNeen Meloidogyne spp. and Fusarium spp. causing 
wilt has been studied by different investigators on alfalfa (Griffin, 1986; McGuire 
et al., 1958); banana (Loos, 1959; Newhall, 1958); beans (Riberio and Ferraz, 
1984; Singh e[ al., 1981); cabbage (Fassuliotis and Rau, 1969); carnation 
(Schindler et al., 1961); chrysanthemum (Johnson and Littrell, 1969); cotton 
(Atkinson, 1892; Caquil and Shepherd, 1970; Cooper and Brodie, 1963; Garber 
etal., 1979; Martin etal., 1956; Norton, 1960; Minton and Minton, 1966); cowpea 
(Thomason etal., 1959); mimosa (Gill, 1958); muskmelon (Bergeson, 1975); pea 
(Davis and Jenkins, 1963); tobacco (Melendez and Powell, 1967; Porter and 
Powell, 1967) and tomato (Abawi and Baker, 1984; Binder and Hutchinson, 1959; 
Bowman and Bloom, 1966; Fattah and Webster, 1983; Goode and McGuire, 
1967; Hirano et al., 1979; Jenkins and Coursen, 1957; Jones et al., 1976; 
Kawamura and Hirano, 1967, 1968; Orion and Hoestra, 1974; Pitcher, 1978; 
Sidhu and Webster, 1974, 1977,1979,1983; and Young, 1939,1940). 
Much work has been done on the interaction of wilt causing fungi with 
endoparasitic nematodes particularly Me/o/fiog);ne spp. as compared to semi-en-
doparasitic or ectoparasitic nematodes (Khan, 1984; Francl and Wheeler, 1993). 
The interaction of nematodes with wilt causingfungi especially Fujortu/n spp. has 
drawn much attention (Powell et al., 1971; Francl and Wheeler, 1993). A number 
of studies on interaction of root-knot nematodes and wilt-causing fungi have been 
conducted on leguminous plants. In a study McGuire et al. (1958) observed 
highest wilting percentage of alfalfa variety Buffalo plants when inoculated with 
root-knot nematode, M. hapla and F. oxysporum f.sp. vasinfectum. Thomason 
(1958) found that wilt of Vigna sinensis was more severe in plants grown in soil 
infested with both F. oxysporum f.sp. tracheifilum and M. javanica than in soil 
infested with fungus alone. McGuire et al. (1958) observed that only 10% plants 
showed the wilt symptoms when infected with Af. incognita acrita and 15% with F. 
oxysporum £sp.vw5m^ i^umalone,whereas95%,60%and50%i^ antsbecamewihedwhen 
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the fungus was present in combination with M. hapla, M. javanica and M. 
incognita respectively. 
An increase in severity of Fiisan'umwiltof tomato and increased coloniza-
tion of fungus in the vascular tissue were observed when M. incognita was present 
(Carter etal., 1977). Martin etal. (1956) studied interaction ofi^ oxysporum fcsp. 
vasinfectum causing wilt of cotton with five nematodes viz., M. incogftita, M. 
incog/iita acrita, Trichodorus sp., Tylenchorhynchus sp. and Helicotylenchus sp. Of 
these nematodes, only M. inco^iita andM incognita acrita significantly increased 
incidence of wilt in the both wilt susceptible and wilt resistant varieties. The effect 
of M. incog^iita race 3 and F. oxysporum f.sp. vasinfectum on wilt expression of 
cotton was studied by Ibrahim et al. (1982). Presence of the nematode enhanced 
the development and severity of wilL Expression of wilt symptoms was observed 
10 days earlier in the case of infection with both organisms than with the fungus 
alone and reduction in plant growth were almost more than two- folds when the 
two pathogens were present together. Padila et al. (1980) observed that 
Meloidogyne spp. alone caused severe stunting, F. oxysporunty alone caused no 
detrimental effect, whereas concomitant inoculation of the nematode and fungus 
at plan ting caused the death of the plants after 45 days. Garberef«/. (1979) found 
that in soil infested with F. oxysporum f.sp. vasinfectum and M. incogiuta, the 
extent of fungal invasion and colonization of cotton was correlated with the 
nematode galling. Noguera (1983) observed that roots of tomato plants only 
showed colonization by F. oxysporum when infected withAf. incog^iita. Khan and 
Salam (1990) observed synergistic interaction between M. javanica and F. udum 
on pigeon pea. Wilting symptoms appeared earlier and more severe than in plants 
inoculated with the fungus alone. 
Interactions of root-knot nematodes and wilt-causing fungi on chick-pea 
have also been studied by some workers. Inoculation of chitk-pea either with M. 
incognita or F. oxysporum f.sp. ciceri reduced growth of chick-pea and highest 
reduction were obtained with simultaneous inoculation of both the pathogens 
followed by the treatment in which nematode inoculation preceded the fungus 
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by 10 days (Kumar et al., 1988). Mani and Sethi (1987) studied the effect of the 
combined inocula of Af. incognita, and F. oxysporum or F. solani on growth of 
chick- pea which was found to be additive in nature. However, when nematode 
was established earlier than the two fungi, the resultant effect was more than 
additive. All the three organisms affected the rhizobial nodulations considerably. 
Occurrence of M. incofftita in combination with F. oxysporum f.sp. ciceri and F. 
solani, not only increased the severity of disease but also shortened the incubation 
period for disease expression. Patel et al. (1987) also observed increase in the 
incidence of chick-pea wilt due to F. oxysporum f.sp. ciceri in presence of M. 
inco^ita. Simultaneous inoculation of both pathogens resulted in more wilt 
percentage. Goel and Gupta (1984) studied interaction between M.javanica and 
F. oxysporum f.sp. ciceri. Shoot length was found to be minimum when the fungus 
was inoculated a week after nematode inoculation, whereas root length, fresh 
shoot and root weights were significantly less when fungus was inoculated a week 
before nematode inoculation. After 2 years in the same field, they observed 
maximum and significant reduction in shoot length and fresh weights when both 
the pathogens were inoculated simultaneously. A maximum and signiOcant 
reduction in number of galls was recorded when nematode and fungus were 
present together (Goel and Gupta, 1986). In pot experiments, Upadhyay and 
Dwivedi (1987) found greatest wilt symptoms in chick-pea plants inoculated 
simultaneously with both M. javanica and F. oxysporum f.sp. ciceri, followed by 
severity by inoculations of the nematode preceding the fungus and the fungus 
preceding the nematode. Tlie maximum number of root galls was recorded on 
roots inoculated with the nematode alone and the minimum number on roots 
where inoculation of the fungus preceded that of the nematode. The maximum 
reduction in shoot weight occurred where inoculation of nematode preceded of 
the fungtis. Khan and Hosseini Nejad (1991) observed synergistic interaction 
between M. javanica and F. oxysporum f.sp. ciceri on chick-pea cultivars, both in 
concomitant and sequential inoculations. Wilt symptoms were most prominent 
in the presence of M. javanica in concomitant inoculations than in sequential 
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ones. Resistance of Pusa-212 recorded with the inoculation of fungus alone was 
broken in the presence of the nematode. 
Some reports show that some fungi non-pathogenic to a host plant may 
become pathogenic in the presence of nematodes. F. oxysporum f.sp. fycopersici 
non-pathogenic to cucumbers caused their wilting in the presence ofM incognita. 
On the other hand, F. oxysporum f.sp. cucumerinum did not produce symptoms 
on tomato plants when M. incognita was present (Pelez et al., 1983). Smits and 
Noguera (1982) observed thatF. oxysporum tsp. melonis and F. oxysporum f.sp. 
fycopersici were pathogenic to only those eggplant seedlings that were infected 
with M. incognita. Lopes and Lx>rdeIlo (1979) observed greater wilt oi Piper 
nigrum when M. inco^ita andK solani tsp.piperiwere present together. Nogurea 
(1980) observed that germination and growth ofF. oxysporum f.sp. fycopersici in 
root extracts of a Fusarium resistant tomato were significantly high when 
tomatoes had been infected with M. incognita. After four weeks of nematode 
infection, the amount of amino acids in the roots had increased by 50% and 
carbohydrates by 112% and this nutritional status of the host was assumed to be 
the reason for the breaking of resistance to Fusarium. 
In tomato wilt, Nogurea and Smits (1982) suggested that pathogenic effect 
off. oxysporum tsp. fycopersici is enhanced by the suppression of actinomycetes 
through stimulation of soil fungi and bacteria in the rhizosphere of M. inco^uta 
infected tomatoes. Suppression of actinomycetes were not found in the rhizo-
sphere of tomatoes not infected with M incogrutcL Studying the influence on the 
localization of F. oxysporum f.sp. fycopersici in tomato, Noguera (1983) observed 
that the fungus occurred throughout the root cortex and advanced into the stem 
through the :^lem and was not restricted to the sites of the nematode infection. 
Nematode apparently caused systemic change in the plant tissue. Montarlo and 
Melendez (1986) showed that fungal colonization of root tissues of yam by F. 
oxysporum f.sp. Soscoreae occurred indiscriminately, either inter-or intracel-
lularly. Colonization in the stem was restricted to the vascular system, with 
abundant proliferation of hyphae, mainly in the nodal tissues. Abundant hyphae 
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were, however, present in tissues modified by M. incogftUa. Kleineke-Borchers 
and Wyss (1982) observed that mixed infection of tomatoes by M. incognita and 
F. oxysporum f.sp. fycopersici resulted in an increase in indole-acetic acid which 
may be responsible for quicker appearance of typical wilt symptoms. Purified 
extracts of tomato roots infected with M. incognita did not show rishitin, an 
anti-fungal substance normally present in healthy plants. Nematode free plants 
also showed the formation of several well developed tyloses in the xylem vessels 
of stem which were absent or very much reduced in infected plants. They 
suggested that the loss of resistance of this tomato variety to F. oxysporum f.sp. 
lycopersici was associated with the nematode infection which interfered with 
rishitin and tylose production. 
Hillocks (1986) studied localised effect of nematode on initial infection 
and a systemic effect on subsequent disease development of plants. Cotton 
seedlings with a divided root system were inoculated with root-knot nematode. 
M. incognita and F. oxysporum f.sp. vasinfectum on the same or opposite halves 
of the root system. Wilting was enhanced by the nematode, in those plants where 
both organisms were together on the same parts of the root system. However, in 
a second e.xperiment in which plants growing in Meloidogyne infected soil were 
stem inoculated with the wilt pathogen, the nematode caused an increase in wilt 
severity, despite the physical separation of the two organisms. 
Root-knot nematodes break the resistance of crop plants against soil-
borne pathogens. This aspect have been reviewed recently by Mai and Abawi 
(1987), Hasan (1993) and Prot (1993). Harrison and Young (1940) obsei\'ed that 
root-knot nematode reduced the wilt resistance of several varieties of tomato in 
glasshouse experiments. Twenty tomato lines and varieties inoculated with wilt 
fungus and root-knot nematode were found to be susceptible including those 
resistant to Fusarium oxysporum f.sp. lycopersici. Davis and Jenkins (1963) found 
a synergistic response between the wilt fungus and root-knot nematodes on wilt 
resistant pea variety. Johnson and Littrell (1969) observed that A/, incognita and 
M. hapla did not break resistance of chn-santhemum against F. oxvsporum. 
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Donald and Johnson (1973) inoculated eight cultivars of watermelon with known 
reactions to Fiisarium wilt with M. incognita and observed that wilt symptoms 
were increased more in resistant than in susceptible cultivars. Pitcher (1974) also 
found that infection of "Pearson VFii" tomato moderately resistant to F. 
oxysporum f.sp. fycopersici became susceptible to this fungus in presence of M. 
incognita. Carter (1978) obtained enhanced wilt severity in completely 
(polygenic) resistant cultivars of tomato as a result of M. incog^iita and F. 
oxysporum f.sp. fycopersici interaction. O'Ereole et al. (1982) in an investigation 
involving four resistant varieties of tomato and one susceptible to M. incognita 
showed that infection with F. oxysporum f.sp. lycopersici was greater in the 
nematode susceptible variety than in resistant varieties. Hadiastono (1981) 
observed that tomato varieties originally resistant to F. oxysporum became sus-
ceptible when inoculated wth Meloidogyne spp. Kljeneke- Borchers and Wyss 
(1982) also noted that prior infection of Af. incoptita followed byi^ oxysporum 
inoculation greaterly enhanced fungal disease in both resistant and susceptible 
tomato plants. 
Interaction of nematode and fungal plant pathogens under 
pollutant stress 
Apparently no attempt has been made to determine the impact of air 
pollution on fungal-nematode interaction on disease complexes. Effects of some 
heavy metals as soil pollutants have been studied by some workers in fungal-
nematode complexes. Khan and Abul Salam (1990) studied effect of nickel (Ni) 
and cobalt (Co) at different concentrations on interaction oiM.jaranica, F. udiim 
and Wiizobium on pigeon pea. They observed that M. javanica and F. udum 
interacted synergistically and caused more severe wilting sjmiptoms thani^ udum 
alone, but the result was reverse in the presence of Ni, i.e. wilting was completely 
inhibited and root galling was suppressed but it caused reduction in plant growth 
and nodulation. They suggested that this may be due to toxic effect of nickel on 
the patho^ns. It was found that cobalt too, suppressed the wilting symptoms in 
the test plants by F. udum, and had similar effect as nickel. Cobalt increased 
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galling produced by M. javanica and caused a significant reduction in growth 
parameters of the plant 
The review of literature shows that in recent years some studies have been 
conducted on interactions between biotic pathogens (including fungi and 
nematodes) and some gaseous air pollutants. The ability of some biotic 
pathogens, particularly viruses, bacteria and fungi to influence the susceptibility 
of the plants to air pollutant has been shown. Whether the nematodes also 
influence the plant susceptibility to air pollutants is yet to be explored fully. The 
effect of gaseous air pollutants on the interactions between nematodes and fungi 
has not gained study. Whether the disease intensity causedby nematodes or fungi 
or the disease severity developing through their interactive effect in a synergistic 
relationship are influenced adversely or favourably or whether this relationship 
is impaired on air pollution stressed plants needs to be examined The present 
study was planned to answer some of these questions. 
 
 
 
 
 
  
 
 
 
MATERIALS AND METHODS 
The methods employed and steps taken for obtaining the materials for 
conducting present investigations are described below: 
1. Root-knot nematode population 
a. Collection of field populations 
Roots of vegetables and pulses infected with root-knot nematodes were 
colleted from fields in and around Aligarh. Root samples collected m polythene 
bags and properly marked were brought to the laboratory for identification of the 
species and establishing of single egg mass populations. 
b. Identification of species 
The species of root-knot nematodes present in the root samples was 
identified by using perineal pattern characteristics of mature females (Eisenback 
et al., 1981) and by conducting North Carolina host differential tests (Taylor and 
Sasser, 1978). 
(i) Perineal pattern method 
For identification of the species of Meloidogyne present in the root 
samples, mature females were dissected out from the galls of the root samples. 
Perineal patterns of 10-20 females from each sample were prepared and ex-
amined under microscope to study their characteristics. The species were iden-
tified on the basis of perineal pattern characteristics (Eisenback et al., 1981). 
(ii) North Carolina host dififerential test 
The species of Meloidogyne present in the root samples were maintained 
on tomato J^ycopersicon esculentum Mill. (cv. Pusa Ruby) or eggplant, Solanum 
melongena L (cv. Pusa Kranti) in pots. Chopped roots from the samples were 
added to pots filled with steam- sterilized field soil. Tomato or eggplant seedlings 
were transplanted in the pots. From these field populations, single egg mass 
cultures of the species of Meloidogyne were raised on tomato or eggplant 
seedlings grown in steam-sterilized soils in pots (Taylor and Sasser, 1978). For 
conducting North Carolina host differential test in order to identify the species, 
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seedlings of tomato cv. Rutgers, tobacco cv. NC 95, pepper cv. California 
Wonder, peanut cv. Flominner, watermelon cv. Charleston Grey and cotton cv. 
Delptapine 61 were grown in clay pots containing steam-sterilized soils in pots 
in triplicate. Two additional pots of tomato were included to determine the time 
of termination of the test Plants were inoculated with 5000 freshly hatched 
second stage juveniles (J2) per pots in the vicinity of roots of the test plants and 
pots were kept in greenhouse (temp. 27-30°C). The roots were harvested 55 days 
after inoculation and were washed thoroughly with tap water and examined for 
the presence of galls and egg masses. In case of very light infection, roots were 
stained with phloxine B to visualize the minute egg masses. Galls and egg masses 
present on each root system were counted and gall index (GI) and egg mass index 
(EMI) were rated on 0-5 scale (Taylor and Sasser, 1978). 
After rating the root system for GI and EMI, results were compared with 
the differential host test reaction chart (Table 1) to identify four species of 
Meloidogyne viz., M. incognita, M. javanica, M. arenaria, and M. hapla.. It also 
differentiated the races in Af. incognita populations. Results were compared with 
identifications made earlier on the basis of perineal pattern for confirmation of 
their identity. M incognita (race 1) was selected for the study. 
c Maintenance of inoculum 
After identification of the species, single egg mass culture of the selected 
species, Meloidogyne incognita (Kofoid & White) Chitwood (race 1) was raised 
on tomato or eggplant seedlings in greenhouse conditions by inoculating 10-15 
egg masses from single egg mass culture used in the North Carolina host differen-
tial test Sub- culturing was done by inoculating new seedlings of tomato or 
eggplant with at least 15 egg masses, each obtained from the single egg mass 
culture in order to maintain sufficient inoculum for conducting experiments. 
d. Inoculation 
Second stage juveniles (J2) of the root-knot nematode, Meloidogyne in-
cognita (race 1) were used for inoculation of the seedlings of the plants in various 
experiments. Second stag^ juveniles were obtained by incubating egg masses 
 
 
 
 
 
  
 
 
 
Table 1. North Carolina differential host test reaction chart 
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Sfeliu'dogyae 
ip«ciei and 
rac«s 
M iacogttita 
Rac«l 
Rac«2 
Rac«3 
Rac«4 
M.javanii:3 
M. anaaris 
Rac«l 
Rac«2 
M. hap/a 
Cotton cv. 
Deltapinel6 
-
-
+ 
t 
-
-
-
-
Tobacco cv. Pepper cv. 
NC95 California 
Wounder 
-
+ 
-
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
G<^) 
+ 
+ 
+ 
Watermelon 
<y). Charleston 
Grey 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
-
Peanutcv. 
Florunner 
-
-
-
-
-( + ) 
v\ u 
+ 
Tomato cv 
Rutgers 
-
-
-
-
-
-
Box indicates key differential host plant 
Parenthesis indicate that a small portion of the population attacks the host 
+ = Susceptible; - = Resistant. 
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from the single eggmass culture of the nematode in sterilized water in petriplates 
at 25°C. The number of juveniles (J2) in the suspension was standardized before 
inoculation of the seedlings in pots. The required amount of suspension was taken 
by micropette controller and added near the roots into 4-5 holes made around 
the seedlings. The holes were covered with the soil after inoculation. 
2. Inoculum of Fusar/um oxysporu/ni.sp. cfcerf 
Pure culture of the fungus, Fusarium oxysporum f.sp. ciceri, which causes 
wilt of chick-pea was obtained from the Division of Mycology and Plant Pathol-
ogy, Indian Agricultural Research Institute, New Delhi. 
a. Maintenance and pure culturing 
The fungus was sub-cultured and maintained on potato-dextrose- agar 
(PDA) slants in culture tubes as stock culture. The fungus was sub-cultured on 
fresh PDA slants at regular intervals. 
b. Preparation of inoculum 
In order to raise enough inoculum of the fungus for the experiments, 
Czapek's liquid medium with the following constituents was used as culture 
medium: 
KNO3 2 g 
KH2PO4 1 g 
MGSO4 0.5 g 
KCl 0.5 g 
Sucrose 30 g 
Distilled water 1000 ml 
The medium after preparation was filtered through muslin cloth. One 
hundred ml of the medium was transfered into 250 ml Erlenmeyer flasks and the 
flasks were projx-rly plugged with non- absorbent cotton. Sterilization of the 
flasks containing the medium was done in an autoclave at 15 lb pressure for 15 
minutes. With the helpof sterilized inoculation needle, the fungal mycelium was 
transtcrcd from the PDA slants to the flasks at laminar flow bench. Inoculated 
flasks were incubated at 23-25°C for 7 days to allow mycelial growth of the fungus. 
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At the end of inocubation period, the content of the flasks was poured in a funnel 
lined with Whatman filter paper No, 1. The mycelial mat collected in the funnel 
was washed with distilled water to remove the traces of the medium and the mat 
was gently pressed between the folds of sterile blotting paper to remove the 
excess amount of water. Inoculum in the form of suspension was prepared by 
blending 10 g fungal mycelium in 100 ml of sterilized distilled water for 30 sec 
in a Waring blender. Thus, each 10 ml of this suspension contained 1 g of the 
fungus. 
3. Pollutant (Sulphur dioxide) 
a. Exposure chamber 
Experimental plants grown in the pots for designated to receive sulphur 
dioxide (SO2) exposure were exposed to SO2 intermittently in air pollutant 
exposure chambers (Standard Appliances, Varanasi, India) of 90 X 90 X 120 cm 
in dimension. The chambers were made of transparent glass fibre each with a full 
size door and an exhaust duct of 20 X 20 cm at their tops to allow exit of the 
air/gaseous mixture. Each chamber's bottom was double walled, the upper wall 
was perforated whereas the lower wall equipped with a blower assembly. Voltage 
supply to the blower was regulated by a voltage controller which was displayed 
on a panel meter. The chambers were horizontally partitioned by a meshed iron 
tray to provide additional space for the placement of pots (Fig. 1). The potted 
plants which were to be treated with SO2 were kept in the exposure chamber and 
exposed for a desirable length of time. The concentration of the gas, though 
regulated by the voltage supply, was determined by sampling of the air in the 
chamber and analysis of the sampled air as described later. 
b. Generation of Sulphur dioxide ga s 
Sulphur dioxide was produced in a generator by the action of sulphuric 
acid (10% II2SO4) on sodium sulphite (Naz SO3). 'Ihe complete reaction of 1 
M or 126 mg NazSOa yields 1 M or 64 mg of SO2, respectively 
Na2S03 + II2SO4-* SO2+ Na2S04 + H2O 
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Air 
Sampler 
Aluminium frame • 
Transparent 
fibre glass 
Movable door 
SO2 
Generator 
Meshed 
part i t ion tray 
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bottom 
Perforalron rn the upper 
layer for gas and air 
entry in the chamber 
Blower assembly 
\U 
Control panel of the 
blower assembly to 
control air flow rate 
Fig 1. Exposure chamber. 
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The desired concentration of SO2 (0.1 and 0.2 ppm) was obtained by 
preparing sodium sulphite solution of different concentrations and regulating its 
discharge rate to reaction chamber of the generator, l l ie discharge rate was 
controlled by a valve fitted on the capillary tubes supplying sodium sulphite 
solution from the graduated cylinders to reaction chamber. 
c. Exposu re and doses 
Two concentrations of SO2 i.e. 0.1 and 0.2 ppm were used through out the 
study for exposure. Seedlings of chick-pea, Ciccr arietinwn L. (threc-wcck-old) 
grown in pots were exposed to SO2 concentrations intermittently for 3 h eveiy 
third day. The exposure of plants was started from seedling stage and continued 
till their maturation (75 days). 
d. Air pollution symptoms 
The exposed plants were visually examined daily for any visible foliar 
injury attributable to SO2. The symptoms, if present, were noted and charac-
terized. 
e. Sampling 
l b determine actual concentration of SO2 inside the chamber, the sam-
pling of air was done by a handy air sampler (Kimoto Electricals, Japan) during 
each exposure. Ten ml absorbing medium (sodium tetrachloromercurate solu-
tion) was taken into the impinger of the sampler and the concentration of SO2 
was determined by the method being followed at the National Environmental 
Engineering Research Institute (NEERI), Nagpur, India (Anon. 1986). 
£ Analysis of sulphur dioxide 
The concentration of sulphur dioxide in the sampled air was determined 
by Weast and Fack method (being used at NEERI). The analysis and preparation 
of chemicals are described stepwise, below: 
(I) Absorbing reagent (Sodium terlrnchloromercumte) 
27.2 g mercuric chloride and 11.7 g sodium chloride were dissolved in 1 
lit double dislitlcd water (D.D.W.). This solution was stored at room tempera-
ture and could be used for two months. 
 
 
 
 
 
  
 
 
 
42 
(ii) Sulphnmic ncid (0.6%) 
0.6 g sulphamic acid was dissolved in D.D.W. to bring the volume to 100 
ml. 
(Hi) Formaldehyde sulutiun (0.2%) 
0.5 ml formaldehyde solution (40%) was diluted in D.D.W. to make the 
volume 100 ml. Only freshly prepared solution was used. 
(iv) Rosaniline hydrochloride solution (0^%) 
a. Step I solution 
0.2 g rosaniline liydrochloride was dissolved in 1 N hydrochloric acid to 
bring the final volume to 100 ml. It was kept in a refrigerator over night 
b. Step II solution 
4 ml of the solution from step I and 6 ml concentrated HCl were dissolved 
in D.D.W. to bring the volume to 100 ml. 
(v) Potassium dichroniate solution (0.1 N) 
Exactly 1.226 g dried potassium dichromate was dissolved in D.D.W. to 
make the volume 250 ml. 
(vi) Sodium thiosulphate (0.1 N) 
7.0 g sodium thioslphate was dissolved in 250 ml D.D.W. For preserva-
tion, 2 ml chloroform was added. 
(vii) Iodine solution (0.1 N) 
10 g of potassium iodine was dissolved in 20 ml D.D.W. After adding 3 g 
crystals of iodine, solution was stirred. The solution was kept over night and 
diluted upto 250 ml with D.D.W. The solution was preserved in amber coloured 
bottle in dark. 
(viii) Potnssiuni iodine solution (100%) 
10 g of poiassium iodine was dissolved in 10 ml. of D.D.W. This was 
freshly prepared at the time of estimation. 
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(ix) Starch solution 
A paste of 1.25 g soluble starch was prepared with D.D.W. and was poured 
in 250 ml boiling D.D.W. After 5 min. boiling and stirring, the solution was 
allowed to cool on stand. Fresh and clear supematent was used. 
(x) Metabisulphite solution 
0.3 g sodium metabisulphite was dissolved in 500 ml D.D.W. This solution 
contained 320 or 400 n g/ml of SO2. 
g. Standardization of sodium thiosulphate 
50 ml of D.D.W. was poured into a 250 ml conical flask and 10 ml of 
potassium dichromate (0.1 N), 10 ml of H2SO4 (1:1) and 1 ml of potassium iodine 
solution was added to it After keeping the flask in dark for 5 min. the solution 
was titrated with sodium thiosulphate (vi) till a faint colour was obtained, llien 
1 ml of starch solution was added Blue colour appeared at this sta^. The 
titration was continued until faint blue colour disappeared. Final colour was 
distinct bluish-green tinge due to chromous ions. Titration reading was noted. 
Above procedure was repeated to get constant reading. Then normality of sodium 
thiosulphate was calculated according to the following formula: 
Nortnalily of thiosulphate = Normality of dichromate x rr-—7—i ;-; ;—7 
'^ •' Vol. of thiosulphate required 
h. Standardization of metabisulphite solution 
25 ml of iodine solution (vii) was taken in two 250 ml conical flasks (A & 
B), In A (blank) and B, 25 ml D.D.W. and 25 ml metabisulphite solution (x) was 
added. Flasks were kept in dark for 5 min. for reaction. Afterwards, titration was 
done with sodium tliiosulphate till colour became faint yellow. Two ml starch 
solution was added and titration was continued until blue colour disappeared 
which had developed due to addition of starch. Titration was repeated to get 
constant readings and normality of metabiosulphite was calculated according the 
following formula: 
Normality of metabisulphite solution = ^ :rr^ 
»m 
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A = Volume of sodium thiosulphate required for blank (flask A) 
B = volume of sodium thiosulphate required for metabisulphite (flask B) 
N = Normality of thiosulphate calculated earlier 
Vm = Volume of metabisulphite solution taken 
i.\Vurkiii}>sUindar<l nieUibisuIphile solution in absorbing media 
Solution of metabisulphate was prepared of such strength that 1 ml of 
solution contained lO/fgofSOz. Total/<g of SO2 in metabisulphite solution was 
calculated according to the following formula: 
Y = Normality of metabisulphite X 32000 
where Y is total fig of SO2 in metabisulphite solution. 
Now working standard was prepared in 100 ml absorbing media such 
1ml = 10/igSO2 
10 X 100 
^ - y 
Z is the volume of metabisulphite required for dilution to 100 ml with 
absorbing media. 
j . Calibration of standard curve 
Working standard metabisulphite was pippetted in graduated amounts 
(such as 0.1, 0.2, 0.3, 0.5, 0.7, 0.9, 1.0, 1.1, 1.2 and 1.5 ml which will contain 1, 2, 
3, 5, 7, 9, 1.0, 1.1, 1.2 and 1.5 fig SO2 respectively) with a series of impingers or 
graduated nessler tubes. Absorbing media was added to tubes to make volume 
10 ml. In the blanks, only 10 ml of absorbing media was added. Ihen 1 ml 
sulphamic acid (ii), 0.2 ml formaldehyde solution (iii), 5.0 ml rosaniline 
hydrochloric solution (iv) was added one by one. After addition of each, the 
solution was shaken gently, then the volume in each tube was maintained to 25 
ml by adding required amount of D.D.W. After 30 min. but before 60 min., the 
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trausmittance was determined at 550 nm in a spectrophotometer. A standard 
curve was drawn between transmittance and concentration of fig SO2. 
k. Est imation 
10 ml of sampled absorbing medium used in sampling was taken in 
impingerand 1 mlsulphamicacid, 2ml formaldehyde solution and 5 ml rosaniline 
hydrochloric solution were added one by one. The tubes were gently shaken after 
each addition. Thirty min. later but before 60 min. transmittance was read in 
spectrophotometer at 550 nm. 
In the control (blank) non-sampled medium (sodium tetrachloromer-
curatesolution)was taken. The^gof SOzwasdeterminedby gettingcorrespond-
ingvalue of transmittance (%) from the calibrated standard curve. Concentration 
2 
of SO2 in fig /m was calculated according to following formula: 
Volume of air sampled (ht) 
Volume of air sampled=Flow rate of air X time of sampling (min). 
fi g ofSOi/'ti' was converted info ppm according to the following formula: 
u g/m^ X 22400 ppm = '—^ 7 
M X 10^ 
where M is the molecular weight of the pollutant. 
4. Plant culture 
Seeds of chick-pea, Cicer ariet'mum L. were surface sterilized with 0.1% 
mercuric chloride and planted in 30 cm (diam.) clay pots containing a mixture of 
steam-sterilized field soil, sand and farm-yard manure in the ratio of 2:1:1 
respectively. Four seeds were planted in each poL Fifteen days after germination, 
seedlings were thinned to one in each pot Three- week-old seedlings (ap-
proximately in 4-5 leave stage) were used for inoculation treatments. Regular 
irrigation was done to maintain sufficient soil moisture. 
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5. Response of chick-pea cuitivars to wilt fungus, root- Icnot 
nematode and sulphur dioxide 
a. Response to Fusarium oxyspommtsy^, ciceri 
Response of six cuitivars of chick-pea namely Pusa-209, Pusa-212, Pusa-
244, Pusa- 256, Pusa-267 and Pusa-436 was tested against Fusarium oxysponim 
f.sp. ciceri using different levels of inoculum. Seeds were treated with chick-pea 
strain of i^izoWwm. The inoculum levels used were 0.5,1.0 and 2.0 g of mycelial 
suspension per (X)!. Measured quantity of the mycelial suspension was added by 
a micropipette controller in the holes made in soil around the seedlings. Holes 
were filled with soil after adding the suspension. Following were the treatments: 
Ti = Control 
T2 = 0.5 g of mycelium per pot 
T3 = 1.0 g of mycelium per pot 
T4 = ZO g of myceUum per pot 
Each treatment was replicated five times. The same treatments were used 
for each cultivar. 
After inoculation, the pots were kept in greenhouse in complete ran-
domized block design (CRBD). Plants were observed regularly for appearance 
of wilt symptoms. The intensity of wilt symptoms was determined after 15,30,45 
and 60 days of inoculation. The wilt index was rated on 0-4 scale as given below: 
0 = No symptoms 
1 = Light symptoms 
2 = Moderate symptoms 
3 = Heavy symptoms 
4 = Severe symptoms (dead) (Sidhu and Webster, 1978). 
Lengths of shoot and root and their fresh and diy weights were also 
determined. Lengths of shoot and root were measured with scale. Shoots and 
roots were dried in a hot air oven at GO^ 'C for 48 h to determine their dry weights. 
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The numbers of functional, non-functional and total nodules per root system 
were counted for each treatment before drying the roots. 
b. Response to Meloldogjne incognita 
Response of tlie six cultivars of chick-pea as mentioned earlier was tested 
against Mcloiclogync incognita (Kofoid & White) Chitwood (race 1) using in-
oculum levels 0, 10, 100, 1000 and 10000 Jz per poL Three-week-old seedlings 
of the six cultivars of chick-pea grown from Rhizobium treated seeds in 30 cm 
diam. clay pols filled wilh sCeam-slerili/.ed mixture of field soil, sand and farm 
yard manure (2:1:1) were inoculated. The treatments for each cultivar were as 
follows: 
Ti = Control 
T2= 10J2/pot 
T3= 100J2/pot 
T4= 1000J2/pot 
T5= 10000 J2/pot 
Each treatment was replicated five times. The pots were kept in green-
house in complete randomized block design. At termination, 75 days after 
inoculation, the plants were uprooted gently and rootis were washed with tap 
water, with care to avoid loss and injury to the root system. Growth characters 
like lengths of root and shoot, fresh and dry weights of shoot and root were 
determined. Number of galls and egg masses per root system were counted. 
Gall indexand egg mass indices were rated according to Taylor and Sasser's scale 
of 0-5 (Taylor and Sasser, 1978). Root nodulation (numbers of functional, 
non-functional and total nodules per root system) was also determined for each 
treatment-
c. Response to SO2 
Response of all the six cultivars of chick-pea to SO2 was tested in artiGcial 
exposure conditions. Two concentrations of SO2 i.e., 0.1 and 0.2 ppm were used 
for exix>sing the f>otted plants. Three-week-old seedlings raised in pots as 
described earlier, were exposed to SO2 in exposure chamber every third day for 
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3 k Exposure was continued for 75 days. Al the end of each exposure, plants 
were transfered to the greenhouse. Treatments for each cultivar were as given 
below: 
Ti = Control 
T2= 0.1ppmSO2 
T3= 0.2ppmSC)2 
Each treatment was replicated five times. At termination of the experi-
ment following parameters were considered: 
1. Lengjits of shoot and root 
Z Fresh weights of shoot and root 
3. Diy weights of shoot and root 
4. Root nodulation 
5. Symptoms attributable to SO2 
6. Interaction studies 
a. Interaction oi MeJo/dogyne mcogmtayAih. Fusan'am oxjsporum 
£sp. ciceii 
Interaction of M. incognito with F. oxysporum f.sp. ciceri-was examined on 
chick-pea in concomitant and sequential inoculations. Cultlvars Pusa-244 and 
Pusa-212 of chick-pea which were found susceptible and resistant respectively to 
the wilt fungus in the pathogenicity test were selected for this study. Three-week-
old seedlings of both cultivars raised from surface sterilized seeds in 30 cm clay 
pots filled with mixture of field soil, sand and farm yard manure (2:1:1) were 
inoculated with freshly hatched 2000 J2 per pot of M incognita. The fungus, F. 
oxysporum f.sp. ciceri was added in the form of mycelial suspension at the rate of 
2 g per poL The treatments were as follows: 
Ti = Control 
T2 = Fungus 
T3 = Nematode 
T4 = N -J- F (Concomitant) 
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Ts = N - F (Sequential, nematode 3-weeks prior to the fungus) 
Each treatment was replicated five times. 
After a growing period of 75 days, plants were uprooted and roots were 
washed to remove attached soil particles. Shoot and root lengths of plants and 
their fresh and dry weights and root nodulation were determined. Root gall index 
(GI) and egg mass index (EMI) were rated according to Taylor and Sassefs scale 
(Taylor and Sasser, 1978). In case of wilt fungus alone and the wilt fungus with 
the nematode treatments (both concomitant and sequential), wilt indices were 
recorded after 15, 30, 45 and 60 days of inoculation according to Sidhu and 
Webster's (1978) scale. 
b. Interaction of SO2 with Fusarium oxysporumLs^. cicen'iinA 
MeJokff^ne incognita 
Interaction of SO2 with F. oxysporum f.sp. ciceri and M. inco^ita in-
dividualy and concomitantly on chick-pea cultivars Pusa-212 and Pusa-244 was 
studied in artificial treatment conditions. Inoculations of the seedlings in pots by 
the fungus and by the nematode were done as described earlier. The inoculum 
levels for the fungus was 20 g and for the nematode 2000 J2 per poL Plants were 
exposed to SO2 intermittently at the concentration of 0.2 ppm, 3 h per exposure 
every third day for 75 days. 
Surface sterilized seeds of the chick- pea cultivars were planted in 30 cm 
(diam.) clay pots containing a mixture of field soil, sand and farm yard manure 
(2:1:1). Three-week-old seedlings (one seedling/pot) obtained by thinning after 
germination were used for inoculation/exposure treatments. Soil pH was 
measured before starting of exposure and at the time of termination of experi-
ments. Treatments were as follows for each cultivar: 
Ti = Control (Pusa-212/Pusa-244) 
T2=S02 
T3 = Nematode (N) 
T4 = Fungus (F) 
T5 = F + N (concomitant) 
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T6 = F + S02 
T? = N + SOz 
Ts = F + N + SO2 
Each treatment was replicated five times. The pots were placed in green-
house in complete randomized block design. 
Exposure of plants to SO2 was done every third day for 75 days in exposure 
chambers in which air flow rate ranged from 2 .0 to 2 . 5 m 5~ which was fast 
enough to overcome aerodynamic resistance. The air inside the chamber was 
being replaced once every 5 minutes. The designated pots were transferred to 
exposure chamber and returned to the greenhouse after exposure. The pots 
designated not to be exposed to SO2 were also transferred every third day to a 
separate exposure chamber for 3 h at the same air tlow rate (20 to 215 m S~^. 
This chamber was not connected to the SO2 generator and so received ambient 
air. Ambient air was free from S02-
During the period of experiment, plants of various treatments were 
observed for appearance of the wilting symptoms. Wilting index was rated after 
15, 30, 45 and 60 days. At termination of the experiment, plants were uprooted 
and following parameters were considered: 
Fresh and dry weights of shoot and root 
Lengths of shoot and root 
Number of galls/root system 
Number of egg masses/root system 
Gall index (GI) 
Egg mass index (EMI) 
Total number of functional nodules/plant 
Total number of non-functional nodules/plant 
Ibtal number of nodules/plant 
Wilt index (after 60 days) 
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7. Effect of SO2 on juvenile hatching of Me/oidogyne 
incognita 
Effect of SO2 on hatching of juveniles of M. incognita was studied in 
micro-gas exposure cabinet Micro-gas exposure cabinet was of 35 cm in length 
and 25 cm in width and made of transparent fibre glass which had an inlet hole 
at one side and connected with the air supply device by a plastic tube, which took 
the exposure chamber air containing SO2 and after filtering, released it into the 
micro-gas exposure cabinet The bottom of the cabinet had a small outlet 
perforation for release of the gas (Fig.2). Ten egg masses of relatively same size 
were selected and transferred to 3 cm sterilized glass petriplates containing 
sterilized water. The petriplates containing egg masses were placed in micro-gas 
exposure cabinet and exposed to 0.05,0.1 and 0.2 ppm concentrations of SO2, 3 
h/day for six days. A set of unexposed petriplates with 10 egg masses in each 
served as control The number of hatched juveniles were counted in a nematode 
counting dish. The countingswere done after 96 and 168 hand numbers of mobile 
juveniles were noted in each observation. At termination, total number of 
hatched juveniles and numbers of mobile juveniles were calculated for each 
treatment pH of water was measured before the starting of experiment and at 
the end of exposure. 
8. Measurement of soil pH 
To measure soil pH. soil suspension in water was prepared in the ratio of 
1:10. To achieve this, soil samples were crushed and mixed thoroughly. Then 10 
g of soil was poured in 250 ml conical flask containing 100 ml of double distilled 
water and was agitated for one hour. The suspension was filtered through filter 
paper and filtrate was used for the measurement of soil pH by glass electrode. 
9. Effect of SO2 on growth of Fusarium oxysporum f.sp. 
ciceri 
Effect of SO1 on the growth of F. oxysporum f.sp. ciceri was studied in 
micro-gas exposure cabinet Sterilized petriplates (3 cm diam.) containing steril-
ized potato dextrose agar were inoculated with F. oxysporum f.sp. ciceri under 
aseptic conditions on laminar flow bench and incubated for 24 h at 25^0 before 
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STERILE AIR 
SUPPLY 
Fig 2. Micro-gas exposure cabinet. 
 
 
 
 
 
  
 
 
 
53 
exposure to SO2. Thereafter, the petriplates were exposed to SO2 (0.05,0.1 and 
0.2 ppm), 3 h/day for 6 days. Petriplates without exposure to SO2 were treated 
as control. At the end of the experiment, radial diameter of the colonies growing 
in the petriplates were measured. 
10. Effect of acidified solutions on juvenile hatching of 
Me/oidogyne incognita 
Effect of acidified solution of water at pH levels of 7.0, 6.0, 5.0, 4.0 and 
3.0 on hatching and mortality of M. incognita was examine under laboratory 
conditions. Ten egg masses of raltively same size were transferred into the 
petriplates containing the solution of desirable pH. Observations were made 
everyday for a week and number of hatched and number of mobile and immobile 
juveniles of the nematode was counted at 24 h intervals for a week. The total 
numbers of hatched (mobile ) juveniles were calculated for each treatment at 
the end. 
11. Rhizobium inoculation 
Seeds in all the experiments were inoculated with chick-pea strain of 
Rhizobium before planting. Commercial sugar and water was added to the soil 
based culture with thorough mixing. The seeds of the test crop were treated with 
this mixture followed by drying in shade for about half an hour before planting. 
12. Root noduiation 
To assess the impact of the selected pathogens, singley or in combination 
on root noduiation, numbers of functional, non- functional and total nodules per 
root system were counted in each experiment The pinkish, healthy nodules were 
considered as functional and others as non-functional nodules. 
13. Statistical Analysis 
Experiments wre conducted in complete randomized block design, but 
while analysing the data, this was further extended to split the factors and 
analysed by extending the method adopted by Fischer (1950). In the experiment, 
chick-pea cultivars were selected as factor one and pathogen treatments 
(S02JFusorium/Meloidogyne) as factor two. The data obtained were subjected to 
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analysis of variance (ANOVA) to determine significance and CD was calculated 
at P=0.05 to separate the means of replicates for significance. The ANOVA 
model adopted for the analysis of variance comes as follows, where 
R = Replications. 
jpl = Factor one. 
Ft - Factor two. 
DF = Degree of freedom 
SS = Sum of squares 
MS = Mean of Squares 
F CaL = F value calculated 
FTab. = F value tabulated 
Variable 
R 
Fi 
F2 
Interaction i.e. Fi 
X Fj 
Error 
Total 
DF 
R-1 
F i - 1 
(F2-I) 
( F i - 1 ) x ( F 2 - l ) 
(R-l)(Fi - 1 ) + 
(R-nFiCFj- l l 
(•R X Fi X F?V1 
SS 
Calculated at per 
procedure 
MS 
SS/RDF 
SS/FiDF 
SS/F2DF 
SS/Fi X F2 DF 
SS/EDF 
F.CaL 
RMS/EMS 
Fi MS/EMS 
Fj MS/EMS 
F1XF2 MS/EMS 
FTab 
RDF Vs. EOF 
Fi DF Vs. EDF 
F2DFVJ. EDF 
Fi X F2 DF Vs. 
EDF 
Standard error (SE) was calculated as follows prior to calculation of the 
CD (Critical difference) 
SEforFi = 
SB for Fi — 
I^F? frtr /Tl V 
yJlxEMS 
RxFz 
y/2x EMS 
RxFi 
V2 X EMS 
Vt — R 
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CD was calculated at P = 0.05 with the help of calculated SE as follows 
CD for Fi = SE for Fi X t value at 5% 
CD for Fz = SE for Fz x / value at 5% 
CD forf 1 X F2 = SE for Fi X f2 x rvalue at 5% 
In this way, three CD were calculated, significancy and non- significancy 
of CD was calculated with help of ANOVA table. If F Cal. was found to be greater 
than F Tab. t he data was considered as significant and vice-versa. 
 
 
 
 
 
  
 
 
 
RESULTS 
Response of some chick-pea cultivars to root-knot nematode, 
Me/o/dogyne incognita 
Symptoms 
Root-knot nematode, M incognita (race 1) showed pathogenic impact on 
all the six cultivars of chick-pea tested Plant growth was adversely affected as 
all the growth parameters (shoot and root length, fresh and dry weights of shoot 
and root) were found to be reduced and a gradual reduction occurred with an 
increase in the initial inoculum level of the nematode (Pi). Plants showed 
chlorosis and general decline in their health, intensity of which was related to the 
inoculum density of the nematode. Characteristic galls were recognisable on 
roots of all the cultivars. 
Plant growth 
Lei^lth of shoot and root 
Meloidogyne incognita caused significant reduction in shoot length of 
chick-pea cultivars particularly at the inoculum level (Pi) of 10,000 J2 of the 
nematode. Reductions caused by 10 and 100 J2 in shoot length of the cultivars 
were not significant When the Pi was 1000 J2, all the cultivars suffered reduction 
in their shoot length but the reduction was significant onfy in Pusa-212 and 
Pusa-267. Percent reduction in shoot length at 10,000 J2, was highest reduction 
was found in Pusa- 267 and lowest in Pusa-209 (Table 2). 
Root length of the cultivars was also significantly reduced by the 
nematode especially at 10,000 Jz At 1000 J2, reduction in root length was 
significant only in Pusa-212, Pusa-2S6 and Pusa- 267. At 10,000 J2, Pusa-209 and 
Pusa-244 with 16.35 and 16.0% reduction respectively, in comparison to their 
respective controls, suffered highest reductions in their root lengths (Table 2). 
Fresh vivight of shoot and root 
Reduction in shoot fresh weight of chick-pea cultivars was found to be 
significant at all the inoculum levels of the nematode except at 10 J2 in com-
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58 
parison to their respective controls. At 10,000 J2, highest percent reduction in 
shoot fresh weight occurred in Pusa-256 and lowest in Pusa- 244, compared to 
their respective controls (Table 3). 
Root fresh weight was also reduced significantly in all the cultivars at 1000 
and 10,00012- At 100 J2,significantreduction also occurred in all cultivars except 
Pusa-244. Highest reduction was found in Pusa-209 at 10,000 J2. However, at 100 
and 1000 J2, highest reduction occurred in Pusa- 436 (Table 3). 
Dry weight of shoot and root 
All the chick-pea cultivars showed significant reduction in their shoot diy 
weight at 100, 1000 and 10,000 J2. At 10 J2, no significant reduction occurred in 
any of the cultivars. At 10000 J2, highest reduction was found in Pusa-436 and at 
1000 J2 in Pusa-21Z Lowest reduction was recorded in Pusa-244 at 10,000 J2 and 
in Pusa-256 at 1000 J2 (Table 4). 
Significant reduction occurred in root diy weight of ail the cultivars both 
at 1000 and 10,000 J2. At 100 J2, reduction was also noticed which was, however, 
significant only in Pusa-209, Pusa-212 and Pusa-256. Percent reduction in root 
diy weight in comparison to their respective controls was greatest in Pusa-256 
and lowest in Pusa-244 at 10,000 J2. At 1000 J2, this was highest for Pusa-209 and 
lowest for Pusa-244 (Table 4). 
Nodulation 
M. incoffiita significantly suppressed root nodulation (number of nodules 
per root system) of the chick-pea cultivars especially at 1000 and 10,000 J2 
inoculum levels. The inhibition was greater at 10,000 than 1000 J2. Inhibition of 
root nodulation observed at 100 J2 was also significant for all the cultivars except 
Pusa-267 and Pusa-436. No inhibition occurred at 10 J2. Percent inhibition in 
root nodulation was maximum in Pusa-209 (83.33%) at 10,000 J2 and in Pusa-256 
(34.36%) at 1000 i^ Lowest inhibition was found in Pusa-256 (63.08%) at 10,000 
J2 and in P\isa-267 (26.24%) at 1000 J2 (Table 5). 
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62 
Number of functional nodules in chick-pea cultivars was significantly 
reduced by the nematode at 1000 and 10,000 J2 inoculum levels. The suppression 
was relatively greater at 10,000 J2. At 100 J2, inhibition also occurred in all the 
cultivars except in Pusa-267 and Pusa-436. Greatest percent reduction in the 
number of functional nodules was recorded in Pusa-209 (91.59%) at 10,000 J2 
and in Pusa-256 (38.59%) at 1000 J2. The suppression was lowest (81.70%) in 
Pusa-256 at 10,000/2 and in Pusa-267 (30.10%) at 1000/2 (Table 5). 
An increase in the number of non-functional nodules occurred with an 
increase in the initial inoculum level of the nematode, being greatest at 10,000 
/2- However, in Pusa-256, Pusa-267 and Pusa436,10 and 10072 of the nematode 
did not cause significant increase in the number of non-functional noduels. 
Highestnumber of non-functional nodules was recorded in Pusa-256 both at 1000 
and 10,000/2 (Table 5). 
Root galling and egg mass production 
Root galling caused by the nematode showed an increase with increasing 
level of the inoculum. Highest number of galls were recorded in Pusa-436 at 100, 
1000 and 10,000 Ji in comparison to other cultivars. Lowest number of galls were 
found in Pusa-212 both 1000 and 10,000 J% Root gall inde.^  (GI) determined on 
Taylor and Sasser's scale, was 5 for all the cultivars at 10,000 Ji- At 1000 Jz, it was 
4 in Pusa-212 and Pusa-244, and 5 in rest of the cultivars. It was 3 at 100/: in all 
the cultivars except Pusa-209. Egg mass production like root galling was also 
enhanced with an increase in the inoculum level, being highest at IO.OOO/2. There 
were some variations among the cultivars. Highest number of egg masses were 
recorded in Pusa-436 at 1000 and 10,000 J2 and lowest in Pusa-212 at 10.000 Ji 
and in Pusa-244 at 1000/2. Egg mass index (EMI), as for GI, was Z 3,4 and 5 at 
10, 100,1000 and 10,000/2 respectively for all the cultivars (Table 6). 
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2. Response of some chick-pea cultivars to wilt fungus, 
Fusan'um ojcyspori/mi.sp. ciceri 
Symptoms 
In general, wilt fungus, F. oxysporum f.sp. ciceri caused chlorosis of chick-
pea leaves which resembled to nitrogen deficiency symptoms. The roots exhibited 
necrotic patches and in the case of severe infection, complete root decay leading 
to plant death occurred. 
The fungus was found to be pathogenic on all the cultivars, though disease 
severity differed among the cultivars. Severity of wilting increased with an 
increase in the inoculum level Some of the cultivars (Pusa-212 and Pusa-244), 
however, showed no wilting at the lower inoculum levels (0.5 and 1.0 g). 
Plant growth 
Length of shoot and root 
F. oxysporum f.sp. ciceri caused reduction in shoot length of all chick-pea 
cultivars except Pusa-212 at all the inoculum levels. The reductions, however, 
were not significant (P=0.05) when compared to their respective controls except 
in Pusa-256 where 7% reduction occurred in plants inoculated with 10 g of 
mycelial suspension (Table 7). 
In root length, the reductions observed at all the inoculum levels were not 
significant except in Pusa-256 and Pusa-436. In Pusa-256, the reduction, was 
significant at ail the inoculum levels but in Pusa-436 it was significant onW at 2.0 
g inoculum level (Table 7). 
Fresh weight of shoot and root 
In general, shoot fresh weight of the cultivars was not affected significantly 
as a result of the fungus inoculation except in Pusa-209, Piisa-244 and Pusa-436 
where significant reduction occurred only at 2.0 g inoculum level (Table 8). 
Root fresh weight of the chick-pea cultivars was significantly reduced only 
at 20 g inoculum level. No reduction occurred at other inoculum levels. The 
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67 
reductions observed in Pusa-212 and Pusa-267 at 20 g inoculum level were, 
however, not significant (Table 8). 
Dry weight of shoot and root 
Shoot dry weight of the chick-pea cultivars were significantly reduced at 
20 g inoculum level except in Pusa-212 Greatest reduction was recorded in 
Pusa-436 being 20% in comparison to its control No significant reduction in 
shoot dry weight was caused by 0.5 and 1.0 g inoculum levels (Table 9). 
Significant reduction in root dry weight occurred in all the cultivars except 
in Pusa-212 only at 20 g inoculum level. Greatest reduction was found in 
Pusa-436. At other inoculum levels, no significant reduction in root diy weight 
of the cultivars was recorded (Table 9). 
Nodulation 
Root nodulation, was adversely affected in all the chick-pea cultivars by 
inoculation of the wilt fungus. Root nodulation was gradually reduced with an 
increase in the inoculum level of the fungus. Root nodulation, however, was not 
affected in Pusa-244, Pusa-256 and Pusa-436 by 0.5 g inoculum level of the fungus. 
Highest suppression (73.6%) of root nodulation was found in Pusa-436 and 
lowest in Pusa-212 (25%) at 20 g inoculum level. Greatest suppression (33.7%) 
occurred in Pusa-209 and (10.60%) in Pusa-244 at 1.0 g inoculum level (Table 
10) 
Significant reduction occurred in the numbers of functional nodules at 
all the inoculum levels except Pusa-244, Pusa-256, Pusa-267 and Pusa-436 at 0.5 
g inoculum level. The reduction was greatest at 20 g inoculum level Highest 
reduction was observed in Pusa-244 and lowest in Pusa-212 at 20 g inoculum 
levels (Table 10). 
Corresponding to suppression of functional nodules, the numbers of 
non-functional nodules increased significanUy in all the cultivars except Pusa-
212 Numbers of non-functionsl nodules also increased with an increase in the 
fungus inoculum level and it was highest at 20 g. Highest increase in their 
number was recorded in Pusa-209 (Table 10). 
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70 
Wilting 
After 15 days of inoculation of the chick-pea cultivarswith the wilt fungus, 
plants showed no wilting and therefore the wilt index was 0.0 for all the cultivars. 
After 30 days of inoculation, wiltingwas observed in Pusa-209 and Pusa-436. The 
wilt index was significantly greater at 2.0 g inoculum level than other levels of 
inoculum (Table 11). However, rest of the cultivars showed no wilting even a fter 
30 days of inoculation. 
After 45 days of inoculation, all the cultivars showed wilting except 
Pusa-21Z The wilt index was significantly greater at 2 0 gin all the cultivars than 
other levels of inoculum. An increase in wilt index was found with an increase 
in the inoculum level. In Pusa-209, Pusa-267 and Pusa- 436 this trend was, 
however, not found. Increase of the inoculum level from 1.0 to 20 g, did not cause 
significant increase in the wilt index (Table 11). 
After 60 days, all the cultivars showed wilting except Pusa-212 In Pusa-
244, the wilting occurred only at 20 g inoculum level Highest wilting index was 
recorded for Pusa-436 at 20 g inoculum level (Table 11). 
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72 
Response of some chick-pea cuitivars to sulphur dioxide 
Symptoms 
Sulphur dioxide induced chlrosis of leaves in all the chick-pea cuitivars. 
Some cuitivars viz., Pusa-212, Pusa- 436 and Pusa-244 also developed intercoastal 
necrotic patches and browning of the leaf margins. Intensity of the symptoms and 
timing of their appearence were dependent on the concentration of SO2- At 0.2 
ppm of SO2, the symptoms appeared after 6 exposures compared to 15 e.xposures 
at 0.1 ppm. Intensity of the visible injury caused by SO2 at 0.2 ppm was greater 
than at 0.1 ppm. 
Plant growth 
Plant growth of chick-pea cuitivars, in general, was influenced by SO2 
exposures. The details of the effects on various plant growth parameters are given 
below: 
Shoot growth 
Effect of SO2 on shoot growth of chick-pea cuitivars was measured in 
terms of length, fresh and dry weights of the shooL Shoot growth of all the 
cuitivars, in general, was suppressed by SO2 exposures. The suppressions in the 
shoot growth parameters varied from cultivar to cultivar. 
Significant reduction in shoot length as a result of intermittent exposure 
to SO2 was observed at 0.2 ppm in Pusa-209. Pusa-212 and Pusa-436. In rest of 
the cuitivars, the reductions were not significant Shoot lengths of Pusa-212 at 
0.1 and 0.2 ppm SO2 were statistically at par. At 0.1 ppm SO2, the length of most 
cuitivars except Pusa-209 and Pusa-212 was not affected. The most sensitive 
cultivar was Pusa-209, as maximum percent reductions were recorded in this 
cultivar, which were 10.5% at 0.1 ppm and 26% at 0.2 ppm (Table 12). 
Sulphur dioxide at 0.2 ppm caused significant reduction in fresh weight of 
Pusa-212, Pusa-209 and Pusa-256 with 13.46. 18.33 and 2158% reductions 
respectively, as compared to unexposed plants. Shoot fresh weights of Pusa-244 
and Pusa-267 recorded at 0.1 and 0.2 ppm SO2 were more or less at par. which 
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74 
were, however, different from their respective controls (unexposed plants). On 
Pusa-436, either of the SO2 concentrations had no measurable effect Similarly, 
0.1 ppm SO2 did not produce any significant effect on Pusa-209, Pusa-212 and 
Pusa-256. Among all the cultivars tested against 0.1 ppm SO2, Pusa-256 and 
Pusa-209 had significantly better shoot fresh weight, whereas at 0.2 ppm all the 
cultivars responded similarly (Table 12). 
Shoot dry weight of all chick-pea cultivars except Pusa-209 remained 
unaffected at both the concentrations of SO2. Pusa-209 exhibited 29.41% 
reduction at 0.2ppm SOzas compared to the control. Pusa-256 performed better 
at 0.1 or 0.2 ppm SO2 and attained maximum shoot dry weight compared to rest 
of the cultivars. Overall differences in shoot dry weights of all cultivars between 
the treatments were significant and maximum reduction (24.9%) was noted in 
Pusa-209 at 0.2 ppm SO2 (Table 12). 
Root growth 
Sulphur dioxide at 0.2 ppm caused significant reduction in root length of 
Pusa-209 and Pusa-256 with 19.0 and and 7.2% reductions respectively in com-
parison to unexposed plants. Root length of rest of the cultivars viz., Pusa-212, 
Pusa-244. Pusa-267 and Pusa-436 was not affected at both the concentrations of 
SO2. Overall, Pusa-256 had significantly longer roots compared to rest of the 
cultivars at 0.1 or 0.2 ppm SO2 (Table 13). 
At 0.2 ppm, SO2 caused significant reduction in root fresh weight of 
different cultivars of chick-pea except Pusa-244 and Pusa-267 in comparison to 
unexposed controls. At the lower concentration, similar effect of SO2 occurred 
in Pusa-212 and Pusa-256. On the basis of percent reduction over control Pusa-
256 (27%) and Pusa- 212 (18.4%) were most sensitive to SO2 at 0.2 and 0.1 ppm 
respectively. Pusa-209 and Pusa-267 performed better at 0.1 and 0.2 ppm SO2 
respectively and their root fresh weight was superior to rest of the cultivars (Table 
13). 
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76 
At 0.1 ppm, reduction in dry weight of root was not significant in any of 
the cultivars. SO2 at 0.2 ppm caused significant reduction in Pusa-256 (14.2%) 
and Pusa-209 (23%) compared to their respective control. Root dry weight of 
Pusa-256 was significantly greater than rest of the cultivars at either concentra-
tion of SO2 (Table 13). 
Nodulation 
Sulphur dioxide inhibited the formation of nodules on roots of all the 
chick-pea cultivars. Significant decline in the total number of nodules was 
recorded in all the cultivars at both the concentrations of SO2. The suppression 
was greatest in Pusa-244 (46%) at 0.2 ppm and in Pusa-256 (23%) at 0.1 ppm. 
Pusa-267 showed maximum number of nodules in comparison to other cultivars. 
As a result of inhibition in nodulation, the numbers of functional nodules 
decreased in all the six cultivars at both the concentrations of SO2. The percent 
decline was maximum at 0.2 ppm in Pusa-436 (58.7%). Pusa-267 showed maxi-
mum functional nodules. Non-functional nodules in all the six cultivars increased 
significantly at both the concentrations of SO2 (Table 14). 
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78 
Interaction of Metoidogyne incognita and Fusarium 
ojcyspon/mi.sp. cicerion two chick-pea cultivars 
Interaction of Meloidogyne incognita and Ftisarium oxysporum f.sp. ciceri 
was studied on two chick-pea cultivars namely Pusa-212 and Pusa-244. The 
cultivar Pusa-212 was resistant and Pusa-244 was relatively less susceptible to F. 
oxysporum f.sp. ciceri than other cultivars. The interaction was studied under 
artificial inoculation conditions using 2,000 Ji and ZO g mycelium as inoculum 
levels for the nematode and the fungus respectively. The treatments used are 
given in Table 15. 
Meloidogyne incognita and Fusarium oxysporum tsp. ciceri interacted 
synergistically on both the cultivars causing greater damage in terms of plant 
growth and wilting than sum total of their individual effects in these respects. 
Further, synergistic effects on the above mentioned parameters were greater 
when the nematode inoculation preceded the fungus by three weeks in sequential 
inoculation in comparison to those when both the pathogens were inoculated at 
the same time in concomitant inoculation. The effects on various parameters 
considered in the study are given below: 
Plant growth 
The pathogens, M. incognita and F. oxysporum f.sp. ciceri showed syner-
gistic interaction in reducing the shoot length of the chick-pea cultivars. Sig-
nificantly greater reduction occurred in shoot lengths of both the cultivars in 
sequential inoculation of the pathogens in which nematode was inoculated three 
weeks prior to the wilt fungus than the plants inoculated concomitantly by the 
pathogens or inoculated either with the nematode or the fungus alone. The 
fungus did not cause significant reduction in shoot length the cultivars. But the 
nematode caused significant reduction in shoot lengths. In sequential inocula-
tion, the reduction in shoot length was greater in Pusa-212 (37.6%) than in 
Pusa-244 (29.5%) (Table 15). 
Like shoot length, synergistic interaction between the pathogens was 
found for root length as well. Greatest reduction in root length was recorded in 
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80 
sequential inoculation in both the cultivars followed by concomitant inoculation. 
Nematode also caused significant reduction in root length which was not statis-
tically different from concomitant inoculation. Inoculation with the fungus alone 
had no suppressive effect on root length. Reduction in root length in sequential 
inoculation was significantly greater in Pusa-212 (49%) than Pusa-244 (24.5%) 
(Table 15). 
Fresh weight of shoot and root 
Shoot fresh weight was also synergistically reduced by the pathogens. 
Suppressions in shoot fresh weight of both the cultivars were greatest in sequen-
tial inoculation followed by concomitant inoculation. The nematode also sup-
pressed shoot fresh weight which was significantly less than concomitant or 
sequential inoculation by both the pathogens. The fungus caused significant 
suppression only in Pusa-244 alone which was less than other inoculation treat-
ments. Among the cultivars, Pusa-212 suffered slightly greater loss in shoot fresh 
weight (45.9%) than Pusa-244 (43.5%) in sequential inoculation (Table 15). 
Root fresh weight of the chick-pea cultivars was reduced synergistically 
by the pathogens. Fusarium oxysporum f.sp. ciceri did not cause reduction in root 
fresh weight of Pusa-212; however, significant reduction occurred in Pusa-244. 
M. incognita also caused significant reduction in both the cultivars. Greatest 
reduction occurred in sequential inoculation of the pathogens followed by con-
comitant inoculation. Greater reduction was observed in Pusa-212 than Pusa-
244 in both sequential and concomitant inoculations (Table 15). 
Dry weight of shoot and root 
Synergistic interaction also occurred between the pathogens in reducing 
the shoot dry weight of the chick-pea cultivars. Greatest reduction occurred in 
sequential inoculation followed by concomitant inoculation of the pathogens. M. 
incognita also suppressed shoot dry weight by it was less than in concomitant or 
sequential inoculation by the pathogens. The fungus also caused reduction in 
shoot dry weight of Pusa-244 but not in Pusa-212. In sequential inoculation. 
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212 showed greater reduction in shoot dry weight (56.5%) than Pusa-244 (50%) 
(Table 15). 
The effects of treatments on root diy weight showed similar trend as 
observed for shoot diy weight The pathogens interacted synergistically in reduc-
ing the root dry weight of both the cultivars. Greatest reduction occurred in 
sequential inoculation. M. incognita reduced root diy weight of both the cultivars 
but it was comparatively less (P=0.05) than concomitant and sequential inocula-
tions. The fungus did not cause reduction in root dry weight of Pusa-212 but 
reduction occurred in Pusa-244. In sequential and concomitant inoculations, the 
reductions were greater in Pusa-212 than Pusa-244 (Table 15). 
Nodulation 
Root nodulation was not synergistically suppressed by the pathogens. 
Reduction in root nodulation in sequential inoculation on both the cultivars was 
relatively greater than the concomitant inoculation. Similarly, in concomitant 
inoculation, the reduction was greater than those caused by the fungus or the 
nematode alone. These differences were not significant, however, for Pusa-244, 
exceptwhen compared to control. In Pusa-212, the nematode alone and both the 
pathogens in concomitant or in sequential inoculation caused significantly 
greater inhibition of root nodulation than fungus alone or when compared to 
control (Table 16). 
Almost similar trends in effects of the treatments were found for the 
numbers of functional and non-functional nodules in both the cultivars. The 
number of functional nodules was relatively less in sequential inoculation than 
in rest of the treatments. In concomitant inoculation, functional nodules were 
less than those inoculated with the fungus or nematode alone. The differences 
among the treatments were not significant lor Pusa-244 except in comparison to 
the control. In Pusa-212, the numbers of functional nodules were at par 
(P=0.05) in sequential and concomitant inoculations. These two treatments had 
significantly greater effect than nematode or fungus alone. The fungus caused 
least effect in reducing the number of functional nodules (Table 16). 
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83 
The numbers of non-functional nodules on both the cultivars were sig-
nificantly greater in concomitant inoculation than by sequential inoculation. The 
number of non-functional nodules was less in plants inoculated with the 
nematode alone. But this was not true for Pusa-244. The fungus also significantly 
increased non- functional nodules in Pusa-244 (Table 16). 
Root galling and egg mass production 
Meloidogyne incognita induced gall formation on both the cultivars. Root 
galling (number of galls per root system) was greater on Pusa-212. When the 
nematode was combined with the fungus, in concomitant or sequential inocula-
tions, an increase in root galling in sequential and decrease in concomitant 
inoculation occurred on both the cultivars. These effects, however, were not 
significant Egg mass production occurred on both the cultivars inoculated with 
the nematode alone. There was no significant difference between the cultivars. 
A slight increase or decrease in the number of egg masses was obserrved in 
concomitant or sequential inoculation of the cultivars which was not significant 
Gall index (GI) was 4 and 5 on Pusa-212 and Pusa-244 respectively when the 
plants were inoculated with the nematode alone. When the nematode was 
combined with the fungus, there was no change in GI in concomitant inoculation, 
but in sequential inoculation, GI was 5 on both the cultivars. Egg mass index 
(EMI) was 4 on both the cultivars inoculated either with the nematode alone or 
in combination with the fungus both in sequential and concomitant inoculations 
(Table 17). 
Wilting 
Wilting was indexed at 15, 30, 45 and 60 days intervals after the inocula-
tions. Wilting showed an increase when both the pathogens were combined in 
sequential or concomitant inoculations. After 15 days, there was no wilting in 
plants of both the cultivars inoculated either with the fungus alone or in com-
bination with the nematode in concomitant inoculation. Plants of Pusa-244, 
however, showed wilting in sequential inoculation. Wilt index was 1.0. After 30 
days, no wilting was found in plants inoculated v^ ith the fungus alone. But in 
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85 
combined inoculations with the nematode wilting occurred in both the cultivars. 
In concomitant inoculation, wilt index was 1.0 for both the cultivars, but in 
sequential inoculation it was 1.0 for Pusa-212 and ZO for Pusa-244. 
After 45 days, Pusa-244 showed wilting with wilt index 1.0. There was no 
wilting in Pusa-212. In concomitant inoculation, wilt index was 1.0 for Pusa-212 
and 20 in Pusa-244. In sequential inoculation, it was 2.0 for both cultivars. After 
60 days, wilt indexwas 20 in Pusa-244 plants inoculated with fungus alone. There 
was no wilting in Pusa-212 In concomitant inoculation, wilt index v.as 2.0 in 
Pusa-212 and 3.0 in Pusa-244. In sequential inoculation, the indexwas 3.0 for both 
the cultivars (Table 18). 
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87 
impact of sulphur dioxide on interaction of Meloidogyne 
fncogm'ta BX\i\ Fusar/um oxysporumi.sp. c/ceriQiK chicl(-pea 
cultivars 
Impact of SO2 on interaction of M incognita and F. oxysporum f.sp. ciceri 
was studied on two cultivars (Pusa-212 and Pusa-244) of chick-pea under artificial 
exposures. In this experiment, pots used were smaller (6 inches) than those used 
in earlier experiments because of limitation of space in the exposure chambers. 
Symptoms 
Sulphur dioxide induced characteristic symptoms on the plants. 
Nematode-infected or fungus-infected plants also developed specific symptoms 
which were increased in the plants exposed to SO2. Uninoculated plants of the 
chick-pea cultivars with either of the pathogens, when exposed to SO2 showed 
poor growth and chlorotic leaves. Chlorotic pathces on leaflets later became 
necrotic. Necrotic patches were intercostal in the lamina of leaflets and the 
margins of the leaflets turned brown. Plants inoculated with M. incognita also 
showed poor growth and chlorosis of the foliage. Nematode-infected plants 
exposed to SO2 were more stunted in growth and had greater chlorotic foliage 
than non-infected plants. The wilt fungus also caused poor plant growth and leaf 
chlorosis. Wilting appeared in Pusa-244 after 30 days of inoculation, severity of 
which gradually increased. Roots, when observed at termination of the experi-
ment, showed necrosis. The plants inoculated with the fungus and e]q)0sed to SO2 
exhibited greater diminished plant growth than those inoculated with the fungus 
alone. The wilting caused by the fungus appeared earlier in Pusa-244 (after 15 
days). Wilting also appeared in Pusa-212 plants exposed to SO2 after 30 days. In 
general, wilting was greater in SO2 stressed plants. Plants inoculated with both 
the pathogens suffered further growth loss when e]q>osed to SO2. Plants were 
most stunted with greatest chlorotic and necrotic leaves in this treatment Wilt-
ing severity was also greater than other comparable treatments. 
Growth parameters 
Plant growth (length of shoot and root, fresh and diy weights of shoot and 
root) was adversely affected by all the treatments compared to control plants. 
 
 
 
 
 
  
 
 
 
88 
Plants of chick-pea cultivars, Pusa- 212 and Pusa-244 when exposed to SO2 
intermittently showed poor and supressed growth. Shoot length and their fresh 
and dry weights were reduced significantly. Significant reduction also occurred 
in fresh and dry weight of the root No significant reduction was, however, 
observed in root length in comparison to control (Table 19). 
M. incognita-infected plants of both cultivars of chick- pea exhibited 
diminished plant growth. All the considered plant growth paiameters viz., lengtli 
of shoot and root and fresh and diy weights of shoot and root were significantly 
(P=0.05) suppressed by the nematode. F. oxysporum f.sp. cicerialso suppressed 
shoot and root growth of the plants of both cultivars. Reductions in shoot and 
root length was not significant Shoot dry weight was significantly reduced only 
in Pusa-244. Significant reduction occurred in root fresh weight of both cultivars. 
But root dry weight of Pusa-244 was only significantly reduced (Table 19). 
When the nematode-infected plants were exposed to SO2, shoot and root 
lengths were not significantly affected except in root length of Pusa-212. Shoot 
and root fresh weights were significantly reduced in comparison to nematode-in-
fected plants or plants exposed to SO2. Shoot dry weight was not affected 
significantly, compared to nematode- infected plants but significant reduction 
occurred in comparison to S02-exposed plants. Root dry weight of both the 
culfivars was not significantly reduced (Table 19). 
Shoot length of the plants infected with F. oxysporum f.sp. ciceri was 
further reduced when the plants were exposed to SO2. This reduction was, 
however, significant (P=0.05) only in Pusa-244. Root length was also adversely 
affected (P=0.05) in both the culfivars. Similarly, shoot and root fresh weights 
of both the cultivars was further reduced significantly, compared to the fungus-
infected plants or plants exposed to SO2. Diy weights of shoot and root were 
significantly reduced in plants of Pusa-212 in comparison to the fungus- infected 
plants but not in plants of Pusa-244. Reducfion in dry weight of shoot caused by 
the fungus and SO2 together was significantly greater than of SO2 exposed plants 
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in both the cultivars but the reduction in root dry weight was not significant when 
compared to SC)2-exposed plants (Table 19). 
Plants of chick-pea cultivars, infected with the nematode and fungus 
concomitantly, when exposed toSOishowed greatest reduction in various growth 
parameters. Reductions observed in lengths of shoot and root, fresh and dry 
weights of shoot and root of both the cultivars were significant (P=0.05) in 
comparison to plants inoculated with the fungus and nematode together. When 
the inoculated plants were exposed to SO2, reductions in shoot length were 
36.84% and 31,89% in Pusa-212 and Pusa-244 respectively in comparison to 
control. The respective percent reductions in shoot length was 20.17 and 20.68 
in plants inoculated with both the pathogens. Similarly, F. oxysporum f.sp. ciceri, 
M. incognita and SO2 together caused 53.22% and 50.79% reductions in root 
length of Pusa-212 and Pusa-244 in comparison to control, whereas the cor-
responding values for the fungus-nematode inoculated plants of the cultivars was 
25.80% and 25.39% respectively (Table 19). 
The fungus, the nematode and SO2 in combination cuased significantly 
greater reduction in fresh and dry weights of the cultivars, compared to plants 
jointly inoculated with the fungus and the nematode. This trend was found in both 
the cultivars. Fresh weight of shoot was reduced by 42.30% and 37.04% in 
Pusa-212 and Pusa-244 respecctively in comparison to control. Percent reduction 
in shoot fresh weight of the cultivars caused by the fungus and nematode together 
was 25 and 24 respectively in comparison to control. Similar increase in percent 
reduction in dry weight of the cultivars occurred. It was 53.85% and 57.14% in 
Pusa-212 and Pusa-244 respectively compared to control. The corresponding 
values in plants inoculated with the fungus and nematode was 30.77% and 28.57% 
respectively (Table 19). 
Fresh and dry weights of root also showed the same trend as observed for 
shoot. Reduction in fresh weight of root was 44.74% and 47.50% in Pusa-212 and 
Pusa-244 respectively in comparison to control. Percent reduction in the cul-
tivars inoculated with the fungus and the nematode together in comparison to 
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control, was 26.31% and 20.00% respectively. In root dry weight reductions were 
55.55% and 60.00% respectively in comparison to control whereas it was 33.33% 
and 30.00% in plants inoculated with the fungus and the nematode (Table 19). 
Root galling and egg mass production 
Root galling and egg mass production were adversely affected when the 
plants inoculated with the nematode alone were exposed to SO2. There was 16.50 
and 16.52% decrease in number of galls in Pusa-212 and Pusa-244 respectively 
in comparison to unexposed plants inoculated with the nematode alone. The 
corresponding reduction in the number of egg masses was 36.92 and 33.82% in 
Pusa-212 and Pusa-244 respectively. Inoculation of the plants with F. oxysporum 
f.sp. ciceri and M. incognita in combination also suppressed root galling and egg 
mass production. Percent reduction in number of galls was 26.21 and 29.56; and 
in number of egg masses 40.00 and 36.76 in Pusa-212 and Pusa-244 respectively 
in comparison to nematode inoculated plants. When the plants inoculated with 
the fungus and the nematode in combination were exposed to SO2, root galling 
and egg mass production were further inhibited. The reduction in the number of 
galls was 49.50 and 49.56% in Pusa-212 and Pusa-244 respectively, in contrast to 
26.21 and 29.56% reductions in Pusa-212 and Pusa-244 respectively inoculated 
with the fungus and nematode together. Likewise, reduction in number of egg 
masses was reduced by 47.69 and 5294% in Pusa-212 and Pusa-244 respectively. 
The corresponding values in the fungus-nematode inoculated plants were 40.00 
and 36.76% (Table 20). 
Nodulation 
Root nodulation was advesely affected when plants of Pusa-212 and 
Pusa-244 were inoculated with the nemaotde or the fungus or exposed to SO2. 
The adverse effect caused by the fungus inoculation was not significant (P=0.05) 
in Pusa-21Z When the nematode and the fungus acted together in joint inocula-
tion, the nodulation was further suppressed. This suppression was 64.16% in 
Pusa-212 and 7245% in Pusa 244 in comparison to control Percent reduction 
in the number of nodules was 41.66 and 58.16 in Pusa-212 and Pusa-244 respec-
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lively when the fungus inoculated plants received SO2 exposures. The reduction 
was 64.16 and 71.43% when the nematode inoculated plants were exposed to 
SO2. When the plants inoculated with the fungus and the nematode received SO2 
exposures, root nodulation was suppressed by 85.83% in Pusa-212 and 87.25% 
in Pusa-244 (Table 21). 
The number of functional nodules was suppressed by the nematode, 
fungus and SO2 individually. When the plants were inoculated with the fungus 
and the nematode together, a decrease of 81.03% in Pusa-212 and 91.49% in 
Pusa-244 in the number of functional nodules occurred. When the nematode 
inoculated plants were exposed to SO2, the percent reduction in the number of 
functional nodules was 93.10 in Pusa-212 and 91,49 in Pusa-244 in comparison to 
control. When the plants inoculated with the fungus and nematode received SO2 
exposures, the percent reducction in the number of functional nodules was 
96.55% and 95.74 in Pusa-212 and Pusa-244 respectively. 
Interaction of the nematode, the fungus and SO2 increased the number 
of non-functional nodules. When the fungus and the nematode interacted 21 
nodules became non-functional out of 42 in Pusa-212 in comparison to 3 non-
functional out of 120 in control. Similar effect occurred in Pusa-244. In the 
fungus-inoculated plants exposed to SO2, 31 nodules out of 70 in Pusa-212 and 
30 out of 41 in Pusa-244 were non-functional. In the nematode-inoculated plants 
exposed to SO2, 35 nodules out of 43 in Pusa-212 and 20 out of 28 in Pusa-244 
were non-functional. When all the three acted together. 13 nodules out of 17 in 
Pusa-212 and 8 out of 12 nodules were non-functional (Table 21). 
Wilting 
Wilting appeared in plants of Pusa-244 only inoculated with F. oxysponim 
f.sp. ciceri only after 30 days. The wilting index was 1. No wilting was noticed in 
plants of Pusa-212 inoculated with the fungus alone. After 45 and 60 days wilt 
index in Pusa- 244 was Z Inoculation of the nematode along with the fungus 
enhanced wilting in Pusa-244 was induced wilting in Pusa-21Z Wilt index was 1 
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95 
in Pusa-212 and 2 in Pusa-244 after 30 days. After 45 days and 60 days the wilt 
index was 2 and 3 in Pusa-212 and Pusa-244 respectively (Table 22). 
When the fungus-inoculated plants of both cultivars were exposed to SO2, 
wiltingwas influenced. Wilting, indexed as 1, appeared after 15 days in Pusa-244. 
However, there was no wilting in Pusa- 212 at this interval. Wilting with wilt index 
of 1 and 2 was found in Pusa-212 and Pusa-244 respectively after 30 days in 
contrast to the index 0 and 1 respectively in the plants inoculated with the fungus 
alone. There was also increase in the wilt index in both cultivars after 45 days in 
fungus- inoculated plants exposed to SO2 compared to the plants inoculated with 
the fungus alone. Wilt index for both cultivars, was, however, equal to the plants 
inoculated with the fungus and nematode in combination. After 60 days, wilt 
indices were 3 in both the cultivars (Table 22), 
Wilting also increased due to SO2 exposure in plants of both the cultivars 
inoculated with the fungus and the nematode jointly. Wilting appeared earlier in 
comparison to unexposed plants. Wilting was noticed after 15 days in both the 
cultivars, wilt index being 1 in Pusa-212 and 2 in Pusa-244. There was no wilting 
at this interval in plants inoculated eitherwith the fungus alone or with the fungus 
and nematode together. After 30 days, wilt indices were 2 in each cultivars in this 
treatment whereas those were 0 and 1 in the fungus alone; 1 and 2 in the 
fungus+nematode or the fungus 4-SO2 in the cultivars respectively. The indices 
rated at 45 and 60 days in this treatment were also greater than in other 
treatments. After 60 days, wilt index was 4 in both cultivars in comparison to 0 
and 2 in the fungus alone, 2 and 3 in the fungus-f-nematode and 3 and 3 in the 
fungus+SO2 in Pusa- 212 and Pusa-244 respectively (Table 22). 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
  
 
 
 
97 
Effect of SO2 and acdified solutions on juvenile hatching of 
Me/o/dogyne incognita 
a. Sulphur dioxide 
Three concentrations of SO2 viz., 0.05, 0.1 and 0.2 ppm were used to 
determine its influence on juvenile hatching of M incognita in artificial treatment 
conditions. Observations were made after 96 and 168 h of incubation. After 96 h 
of incubation and exposure to SO2 (3 h/day), a decrease in the numbers of hatched 
juveniles was observed in all the three concentrations of SO2. The decrease was 
greatest at 0.2 ppm SO2 being 33.3% in comparison to unexposed control. 
However, after 168 h of incubation, juvenile hatching of the nematode was found 
to be suppressed. The suppression was recorded at all the three concentrations 
but it was maximum at 0.2 ppm SO2 which was 45.81% less as compared to 
unexposed control at this time interval (Table 23). 
At both the time intervals, i.e., 96 and 168 h, pH of the water in which the 
egg masses had been incubated for hatching were measured. A decrease in pH 
of the water was observed as the concentration and number of SO2 exposures 
increased. Lowest pH was recorded at 0.2 ppm when it was measured after 168 
h. Percent decline in pH was 27.88 at this interval in comparison to unexposed 
set (Table 23). 
b. Acidified solutions 
The study of effect of acidified water on juvenile hatching of M incognita 
showed that the hatching was adversely affected. With an increase in acidification 
of the water, a corresponding decrease in the hatching occurred. Maximum 
decrease was found at pH 3.0, where the number of hatched juveniles were 51% 
less than those obtained in control (Table 24). 
 
 
 
 
 
  
 
 
 
u 
^ 
c 
CQ 
B 
a 
I 
1^  I 
o 
es 
'E 
> 
3 
B O 
o 
u 
a 
a 
I 
Z 
:£ 
8 
«$ 
P: 
K; 
55? O 
s s s 
c; c! o 
w 
e 
m 
i i 
* * * 
O « ^ T-i S 2 
S SI 
5^ 8? i 
f<? 
a -a « 
6 8 
I 
J 
8 81 
S 
c 
8 
o 
B 
o 
C . 
B i 
8 If 
J^ '~ '—' 
c S (= B « <o 
'^ • c 
is O 
II 
o ii R 
B ^ i3 
a, .5 u 
^ m S 
II « s 
j<^ > r" 
S I I 
B cu > 
§ . JJ H 
^ i ° 
- J - B . c 
P .S3 S 
c3 5 " 
II -5 2 
fC cS 2 
98 
 
 
 
 
 
  
 
 
 
99 
Effect of sulphur dioxide on growtli of F.oxysporum f.sp. 
cfceri 
Effect of different concentrations viz. 0,05,0.1 and 0.2 ppm on the colony 
growth of F. oxysporum f.sp. ciceri on potato dejctrose agar, was studied under 
artificial exposure. Exposure, of the fungus to SO2 at 0.1 and 0.2 ppm concentra-
tions inhibited its colony growth. A slight increase in the growth was, however, 
obtained at 0.05 ppm of SO2. Growth inhibition was greater at 0.2 ppm than at 
0.1 ppm (Table 25). 
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Table 24. Effect of solutions of different acidity on Juvenile hatching of 
Meloidogyne incoffiita 
pH (Control) 
7.1 
7.0 
60 
5.0 
4.0 
3.0 
CD CP=0.05) 
Number ofhatchedjuvcniU* 
942 
938 
894 
798 
654 
462 
4286 
Percentdecre«5e 
Q42 
530 
15.29 
3Q57 
5Q95 
Each value is mean of five replicates. 
CD. = Critical difference 
Table 25. Effect of SO2 on grovrth of F. oxysporum Lsp. ciceri 
SO2 cone (ppm) 
Control 
Q05 
ai 
Q2 
CD ('P=0.05> 
Colony diam 
252 
258 
216 
1.82 
(cm) 
Q15 
P«rc«nt change 
+238 
1428 
27.77 
Each value is mean of five replicates. 
CD = Critical difference. 
 
 
 
 
 
  
 
 
 
DISCUSSION 
Root-knot nematodes are sedentary obligate endoparasites and they 
induce certain structural physiological and biochemical changes in the host plant 
Second stage juveniles after penetration move intercellularly and intracellularly 
in the root tissue (Christie, 1936) and form gallaries and burrows of broken and 
separated cells (Roman, 1961). Eventually, they become sedentary with their 
heads inserted in vascular tissue and body in the cortical region of the root Xylem 
vessels become abnormal and highly variable in shape (Pasha etal., 1987). Giant 
cells, the permanent feeding site induced by the nematode develop around their 
heads. Giant cells which act as transfer cells provide nutrition to the sedentary 
females. The cells around the female become hyperplastic dividing repeatedly by 
mitosis and this contributes cells for the development of galls. These structural 
and accompanied physiological and biochemical alterations cause malfunction-
ing of the root system. Absorption of water and minerals and their conduction 
are impaired. Overall impact of the infection leads to poor growth and reduced 
yield of the host Infected plants also show various deficiency symptoms. Galled 
root becomes short, thick and deshaped. Root growth suppression distrubs the 
root/shoot ratio resulting in appearence of water stress symptoms in plant tops, 
especially during periods of moisture stress and high temperature (Wilcox and 
Loria, 1986). In the present study, the chick-pea cultivars inoculated with dif-
ferent inoculum levels (Pi) oiMeloidogyne incognita (race 1) showed poor growth 
and characteristic deficiency symptoms. All the cultivars were susceptible to this 
race of M. incog/uta but the extent of growth suppression varied between the 
cultivars. Similarly, the growth suppressions were related to the inoculum level 
(Pi) of the nematode. Similar relationship was visible for the deficiency 
symptoms. The lowest inoculum level used (10 Jz) generally did not cause 
measurable effect on the growth parameters of all the cultivars. Most significant 
suppressive effect was obtained by highest inoculum level (10,000 Jz). The 
inoculum level of 1000 J2 also caused suppression of most of the parameters in 
the cultivars. Root galling (number of galls per root ^ tem) , which is related to 
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plant damage, and egg mass production (number of eggs per root system) which 
is related to the population increase, were also inoculum density (Pi) dependent 
Root galling and egg mass production were invariably greatest on all the cultivars 
when the Pi was 10,000 J2. This experiment demonstrated that these selected 
cultivars now grown on coounercial scale by the farmers in India, are susceptible 
to M. incognita (race 1) one of the common root-knot nematode (Khan and Khan 
1990,1991) in India. The growth suppression which would reflect in yield and egg 
mass production which may have significant impact in terms of damage on the 
ensuing crops were dependent on the initial inoculum density (Pi) of the 
nematode. 
Meloidogyne incognita (race 1) invariably inhibited root nodulation on all 
the chick-pea cultivars and this inhibition increased with the increase in the initial 
inoculum level. Mutual suppression of root galling caused by root-knot 
nematode and root nodulation by root nodule bacteria have been reported in 
literature (Huang and Barker, 1983; Verdejo et oL, 1988; Taha, 1993). In this 
study, however, effect of root nodule bacteria on root galling was not ascertained. 
But inhibitory effect of the nematode on root nodulation was apparent, irrespec-
tive of the cultivar, and inhibition was inoculum density dependent Various 
explanations including competition for space and nutrition between the two 
organisms have been offered for this kind of mutual inhibitoiy effects (Masefield, 
1958). According to Epps and Chambers (1962) competition between nematode 
juveniles and root nodule bacteria may be responsible for this inhibition. In the 
present case, it is quite apprehensible that the suppression of root nodulation on 
cultivars may have been caused by nutritional interference, particularly car-
bohydrates or physiological changes brought about by the nematode infection 
and/or competition for infection site (Taha, 1993). Functional nodules were 
found to be decreased significantly as a result of M incog/iita infection. This may 
be due to invasion of nodules by the nematode which causes histological changes 
in nodular tissue of infected plants (Taha and Raski, 1969; Robinson, 1%1; 
Barker and Hussey, 1976). Root nodule bacteria, Rhizobium spp. are symbiotic 
nitrogen fixing microorganisms, developing association with roots of leguminous 
 
 
 
 
 
  
 
 
 
103 
crops. Rhizobium ensures better plant growth and increase leaf chlorophyll 
content Reduction of functional nodules is liable to affect nitrogen fixing ef-
ficiency of the plants, resulting in reduced benefit derived by the plants. 
Pathogenicity oiFusarium oxysporum f.sp. ciceri has been well established 
by earlier workers (Westerlund et al, 1974; Mani and Sethi, 1985; Bhatti et al, 
1987 and Bhatti and Kraft, 1992). Response of the cultivars included in the study, 
however, is not determined The cultivars were variable in their response to 
Fusarium oxysporum f.sp. ciceri as all were not equally susceptible. Pusa-212 was 
found to be resistant F. oxysporum f.sp. ctcen caused wilting and yellowing of the 
foliage. Wilt symptoms appeared first in older leaves which moved upward in 
later stages. Plants of all the cultivars except Pusa-212 showed suppressed growth 
and roots exhibited necrotic patches and vascular discolouration extending to the 
top of the shoot Similar symptoms were observed by Westerlund et al (1974) 
and MacHardy and Beckman (1981) on Fusarium wilt infected plants. The 
disease intensity was related to the inoculum level of the fungus, as it increased 
with an increase in the inoculum level. The inoculum level, therefore, is a 
significant determinant for the crop damage cuased by the fungus. After penetra-
tion, wilt inducing Fasflrrum spp. enter the :tylem and spread in whole vascular 
system (Orion and Hoestra, 1974), and in later stage grow into the adjacent :tylem 
paranchyma cells and the cortical tissues. Mechanical plugging, toxins, hydrolytic 
enzymes and growth regulators are claimed as causes of wilting in infected plants. 
However, according to Beckman (1984) wilting developes successfully if these 
fungi penetrate the epidermal cell and successfully invade the cortical tissue and 
reach vascular system and colonize the xylem vessels. 
Among the cultivars only Pusa-212 showed resistance against the fungus. 
The resistance against the wilt fungus may be due to vascular occlusion which 
involves formation of gel plugs, tyloses, deposition of additional wall layer and 
the infusion of these structures with phenols and other metabolites (Beckman, 
1984). Gel formation can result in vessel blockage and tylosis completely seals 
off the infected vessel (Mai and Abawi, 1987). 
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Root-nodulation was suppressed by the infection oiFusarium oxysporum 
f.sp. ciceri. The number of functional nodules declined and of non-functional 
increased as observed in case of the plants infected with root-knot nematodes. 
Although this effect oiFusarium infection on root nodules has been observed in 
number of studies (Twng-Wah and Howard, 1%9; Sawada, 1982,1983) but the 
mechanism involved is not properly determined. It looks plausible that Fusarium 
infected roots due to physiological and structural modifications are rendered 
unsuitable for the development of root nodules. This suppression may also be 
due to competition between the two microorganisms at initial stage of the 
infection. Though, not considered in this study, wilt causing fusaria are known to 
cause less infection on nodulated roots than non-nodulated roots (Zombolim and 
Schenk, 1984). 
Sulphur dio^de as an air pollutant causes severe damage to crop plants 
(Varshney and Garg, 1979, Bender et ai, 1986; Flagler and Younger 1986, Kumar 
and Yadav, 1988 and Khan and Khan 1993). Chick-pea cultivars used in the 
present study suffered growth losses, though differrently, and exhibited chlorosis, 
intercostal necrosis and browning of the leaflet margins. Alterations in 
physiological and biochemical processes of the exposed plants are implicated as 
causes for growth suppressions of the plants and development of the symptoms 
on foliage. Sulphite ions which are formed by reaction of SO2 with water in host 
cells are phytotoxic and cause injury to leaf tissue (Thomas et oL, 1944). Sulphite 
ions also induce bleaching and phaeo-phytinization or photo-oxidation of leaf 
pigments (Varshney and Garg, 1979) leading to chlorosis and necrosis of leaf 
tissue. Synthesis of leaf pigments and photosynthesis are impaired or destruction 
of the pigments may occur. Singh (1989) observed reduction in leaf pigment 
content of chick-pea as a result of SO2 exposure. The chlorosis, necrosis and 
browning of leaflets of the chick-pea cultivars observed in the present study may 
have resulted through these adverse effects of SOzin the plant leaves. In addition 
to destruction of chloroplast and photo- oxidation of chlorophyll molecules 
(Nieboer et oL, 1976) resulting in reduced net photosynthesis, SO2 adversely 
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affects stomatal conductance (Sheng and Boris, 1988). Toxicity of SOf is related 
primarily to its reducing properties rather than its aciditiy because it is 30 folds 
more toxic than SO4 (Thomas et al, 1943). Excess of sulphate may interfere with 
ion absorption, leading to distruption in nutrient balance. Such altered 
physiological, biochemical and structural conditions may have caused poor 
growth of the chick-pea plants exposed to SO2- Sulphur dioxide exposed plants 
of chick-pea of all the cultivars suffered growth losses. In general, concentration 
of SO2 was determinant for the extent of suppression in a given parameter. 
Variations in the extent of suppressions of each considered parameters were 
observed which indicates that the growth response of the chick-pea cultivars 
would be different under air pollution stress especially caused by SO2. These 
variations in the response of the cultivars would be helpful for selection of a 
cultivar for agricultural purpose under a given air pollution condition. The 
intensity of the symptoms caused by S02was dependent on its concentration. The 
intensity of the symptoms was greater at 0.2 ppm then 0.1 ppm on all the cultivars. 
So was the growth of the plants. Therefore, it becomes obvious that the harmful 
impact of SO2 on crop plants like chick-pea is concentration dependent and 
expected damage can be correlated by determining the concentration in a pol-
luted area. Leguminous crops like soybean (Davis, 1972; Miller et al. 1974; 
Sprugel et oL, 1980; Kress et al, 1986; Sheng and Boris, 1988 and Singh, 1993)., 
Windusa bean, Phaseobis vulgaris (Goodzik and Linkens, 1974), lentil. Lens 
culinaris and chick-pea (Singh, 1989) has been demonstrated to suffer growth and 
yield losses by earUer workers. It seems therefore, desirable to determine 
response of the cultivare of different crops including legumes against various 
known concentrations of common air pollutants for the benefit of farmers. 
Chick-pea strain oiRhizobium is slow growing, non-acid producing and 
very sensitive even to a slight acidity (Vincent, 1977). Chick-pea plants exposed 
to sulphur dioxide artificially had smaller number of root nodules and this 
inhibition was greater in higher concentration of SO2. This may be due to 
aciditification of soil by SO2. Sulphur dioxide is converted to H2SO4 when it 
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comes in contact with soil-water which lowers the soil pH, hence providing 
unfavourable conditions for root nodule bacteria. Inhibition of root nodulation 
by SO2 has been reported by Shriner (1974) on kidney bean and soybean, Singh 
(1989) on lentil and chick-pea, Kumar and Prakash (1990) on pea and Singh 
(1993) on soybean. 
Interaction between root-knot nematodes (Meloidogyne spp.) and wilt-in-
ducing fungi (Fusarium spp.) is well established on a number of crops. Their 
interaction is generally synergistic in causation of damage to the crop plants. 
Wilting of the plants is enhanced in the presence of the nematodes. Interaction 
of root-knot nematodes with wilt-causing fusaria has been studied on a number 
of leguminous crops also viz., alfalfa (McGuiree/a£, 1958; Griffin, 1986), cowpea 
(Thomason et al, 1959), pea (Davis and Jenkins, 1963), beans (Riberio and 
Ferraz, 1984; Singh et al, 1981) and chick- pea (Goel and Gupta, 1984; Mani and 
Sethi, 1987; Kumar et oL, 1988). In the present study, M. incopiita and F. 
oxysporum f.sp. ciceri interacted synergistically in suppressing the plant growth 
parameters of the cultivars of chick-pea. Severity of wilt symptoms particularly 
in Pusa-244 was enhanced when both the pathogens were present together. Its 
degree was influenced with the sequence of inoculation. The intensity on Pusa-
244 was greater in sequential inoculation than concomitant inoculation. The date 
of appearance of wilting was also advanced. Pusa-212 which was resistant to F. 
oxysporum f.sp. ciceri became susceptible in the presence of the nematode. 
Root-knot nematodes alter the root exudates of the infected plants which 
are generally accumulated near the root tip and attract the wilt fungus. Root 
exudates of nematode-infected plants contain higher concentrations of Ca, Mg, 
Na, K, Fe and Cu and during first fourteen day of infection, carbohydrates are 
the major organic constituents of root exudates but nitrogenous compounds 
predominate afterwards (Van Gundy et al., 1977). The interaction of root-knot 
nematode and Fusarium wilt fungus are complexand involve modification of host 
physiology (Powell, 1971). The basis for interaction between root-knot 
nematodes and wilt causing fungi is generally suggested to be nutritional Accord-
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ing to Powell (1971) and Webster (1985) root- knot nematode infection 
predisposes the host plant to wilt fungus. The giant cells which are produced after 
3-4 weeks of nematode inoculation are veiy active metabolically and contain 
maximum concentration of DNA and photosynthates. The greatest host-
predisposing capability of M«/o /^^€ spp. has been observed at this stage which 
results in synergistic interaction with Fusarium wilt fungus (Porter and Powell, 
1967; Webster, 1985). Wilting severity and suppression in plant growth was 
greatest in chick-pea plants which received the nematode 3- weeks prior to the 
fungus (sequential inoculation). During this time period, M. inco^ita may have 
induced development of giant cells which became metabolically active and 
nutritionally rich when the fungus was added. Wilt fungi produce toxins which 
induce appearance of wilting symptoms (Bell ad Mace, 1981). Giant cells being 
rich in nutrients, serve a good site for the colonization of the fungus which 
ultimately leads to formation of more toxins and hence wilt severity is increased. 
Owens and Specht (1966) believed that during development of giant cells, 
infected root of host plant exhibit a decrease in cellulose and lignin while amino 
acids, hemicellulose, lipids, minerals, nucleotides, organic acids, proteins, DNA 
and RNA are increased considerably. These biochemical changes enrich the 
medium which is the cause for rapid growth and colonization of wilt fungus. 
However, the exact mechanism of interaction between root-knot nematodes and 
Fusarium wilt fungi are not well understood (Mai and Abawi, 1987). Wounding 
of roots by root-knot nematodes, once thought to be responsible for synergistic 
interaction between root-infecting fungi and nematodes, is no more considered 
of paramount importance in their interaction (Powell, 1977). Westerlund et oL 
(1974) while studying pathogenicity of F. oxysporum f.sp. ciceri, found that this 
species may require wounding for efficient infection. It is likely that wounding 
caused by M. incognita on chick-pea cultivars might have contributed to some 
extent for synergistic interaction between the two pathogens. 
Root nodulation was suppressed by interaction of M. incoffiita and F. 
oxysporum f.sp. ciceri on both the chick-pea cultivars. This suppression was 
greater when nematode inoculation preceded in sequential inoculation. As ex-
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plained earlier, this may be due to competition for space between the organisms 
or nutrient dificient status of the host plant because of dual infection by M. 
incognita and F. oxysporum f.sp. ciceri (Masefield, 1958; Epps and Chambers, 
1962). Similar observations were made by Kumar et al. (1985), Mani and Sethi 
(1987) and Khan and Salam (1990). Greater reduction in functional nodules may 
also be due to invasion of the nodules by the nematode causing histological 
changes in nodular tissue or greater stress on the nutrient status of the host due 
to dual infection. 
Breaking of resistance of Pusa-212 against F. oxysporum f .sp. ciceri in the 
presence of M. incognita is significant agriculturally. As mentioned earlier, a 
number of defence mechanisms are suggested to be operative in resistant cul-
tivars (Beckman, 1984; Mai and Abawi, 1987). M incopiita seems to have 
diStfUbed the defence mechanism(s) in Pusa-212, hence wilt symptoms appeared. 
According to Francl and Wheeler (1993), breaking of resistance by nematodes 
implies that the nematode affects the physiology of the plant in some way, 
rendering it incapable of expressing the resistant reaction. In other words, the 
gene action is rendered ineffective due to disruption at the cellular or tissue level 
but the gene is not made inoperative. Breaking of resistance by root-knot 
nematodes has been reported in several crops vizz., tomato (Harrison and Young, 
1940; Pitcher, 1974; Carter, 1978), pea (Davis and Jenkins, 1963), chiysan-
themum (Johnson and Littrell, 1969) and watermelon (Donald and Johnson, 
1973). The favourable changes in nutrient status of the host plant by the 
nematode, may have predisposed it to the fungus. 
Interaction of sulphur dioxide andMeloidogyne incognita (race 1) was not 
synergistic in causing suppressive effect on plant growth except the root lengtL 
The interactive effect was generally additive as greater suppression in paint 
growth of the chick-pea cultivars was observed under this treatment in com-
parison to the suppressions caused by either of the pathogens individually. 
Root-knot disease was suppressed in plants exposed to sulphur dioxide. Gall 
formation and egg mass production declined in the plants of both the cultivars. 
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Sulphur dioxide may have affected root-knot nematodes directly through soil 
acidification or indirectly through host modification (Jackson, 1967; Khan and 
Khan, 1993). M. incognita being a sedentaiy obligate parasite, depends on the 
host plant for its energy and nutrition demand which become increased during 
oviposition (Melakeberhan and Webster, 1993). Suppression of root galling and 
egg mass production may have arised from improper development of the 
nematode because of inadequate nutrient supply and less infection sites due to 
poor shoot and root growth of S02-exposedd plants of chick-pea. Suppression of 
gall formation and egg mass production in the simultaneous inoculation exposure 
of the nematode and SO2 gives an evidence of direct effect of pollutant on the 
nematode juveniles, possibly making them incapable of root penetration. Pre-in-
ocultion exposure of plants to SO2 has been found to suppress root-knot disease 
(Singh, 1989; Pasha, 1990) which was claimed to be due to alteration in physiology 
of SO2- exposed plants as suggested by Shimazaki et al. (1980). In the present 
study, SOi in vivo suppressed juvenile hatching of M incognita when the egg 
masses were exposed to SO2 in artificial conditions. It may be inferred that SO2 
after entering the soil may have direct suppressive effect on the nematode during 
its pre- penetration stage. Reduced juvenile penetration and altered host 
physiology would reflect in root galling and egg mass production. Some studies, 
however, showed that non-injurious concentration of air pollutants including SO2 
either enhance root-knot disease (Khan and Khan, 1991; Khan and Khan, 1993) 
or fail to affect adversly nematode population (Weber et ai, 1979). In general, 
lower concentration of SO2, however, does not affect reproduction of plant 
parasite nematodes (Weber et al, 1979; Brewer, 1979). Lower concentration of 
SO2 also does not cause appreciable alteration in the host physiology. Higher 
concentration of SO2, on the other hand, alters host physiology appreciably and 
suppresses root-knot disease significantly (Weber, et al, 1979; Shimazaki et al, 
1980; Khan and Khan, 1993). In the present study, the poor nutritional status of 
the plants of chick-pea cultivars exposed to SOias evidenced from their reduced 
rootand shoot growth may have caused stress on availability and adequate supply 
of nutrients to the developing females leading to suppression of the disease. In 
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addition to other adverse effects of SO2 on the nematode directly or indirectly, 
it also looks plausible that poor root growth of the host may have not be able to 
provide adequate accomodation to the females for their proper development and 
egg laying Therefore, both physiological and physical causes were impediment 
for proper development of the nematode. Nematode-inoculated chick-pea cul-
tivars exposed to SO2 were not synergistically suppressed. Inihibitoiy effects of 
SO2 on the development of galls and reproduction of the nematode possibly 
caused favourable effect on plant growth of the chick-pea cultivars. 
Sulphur dioxide caused suppression of root nodulation. Numbers of 
functional nodules declined and those of non-functional nodules showed an 
increase. This suppressive effect of SO2 may have caused adverse influence on 
nitrogen fixing efficiency of the roots. In the nematode-inoculated plants further 
adverse effects on root nodulation resulted as observed for plants exposed to SO2 
alone. Greater adverse effects of SO2 on nematode inoculated plants was ap-
parently caused by joint effects of SO2 and M. mcogiiita. 802 has been found to 
be responsible for inhibition of root nodulation (Shriner, 1974; Singh, 1989; 
Kumar and Prakash, 1990). Decline in the numbers of total and functional 
nodules would be reflected in the nitrogen fixing capability. This is an important 
and significant impact of SO2 which becomes more pronounced on root-knot 
nematode infected plants. Similar effect is likely to occur on other legumes. This 
aspect needs further investigation in order to realize its full implications in 
agriculture. 
In general, fungus-inoculated chick-pea cultivars exposed to SO2 had 
suppressed growth in comparison to the plants exposedd to either of the 
pathogens individually. Pusa-212 which showed resistance against i^ oxysporum 
f.sp. ciceri developed wilt symptoms on exposures to SO2. The fungus and SO2 
acted additively and resistance of Pusa-212 against the fungus was broken. SO2 
exposures rendered the cultivar susceptible to the wilt fungus. The poor nutri-
tional status of the plants of Pusa-212 as a result of SO2 stress, possibly rendered 
the genes responsible for resistance ineffective. Exposure ofF. oxysporum f.sp. 
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ciceri to SO2 in vivo was found to be inhibitory for its growth. SO2, however, at 
0.5 ppm did not suppress it Soil is a major sink for the removal of many gaseous 
pollutants including SO2 (Bremner and Banwart, 1976). Fusarium oxysporum&ci 
as a minor sink for the removal of atmospheric SO2 (Craker and Manning, 1974). 
It is likely that SO2 in the soil being low in concentration, favourably influenced 
F. oxysporum f.sp. ciceri. The fungus, in turn, caused greater wilting. This effect 
of SO2 is great agricultural significance. Similar effects of SO2 may occur on 
resistant cultivars of other crops, which would create difficulty in their cultivation 
in a given air pollution condition. Screening of crop cultivars for their response 
to SO2 and other air pollutants and performance of resistant cultivars to fungal 
pathogens particularly, soil-borne fungi, under air pollution stress seems highly 
desirable. 
Impact of SO2 on soil-bome fungal pathogens has not gained adequate 
study. SO2 decreases the severity and incidence of fungal disease in plants and 
obligate fungal parasites are more sensitive than other fungal pathogens. Rust 
fungi (Johanson, 1954; Weinstein, 1975; Giacomo et al, 1990), powdery mildews 
(Kock, 1935; Pasha, 1990; Khan et aL, 1991), rose black spot (Saunders, 1966) 
and maize leaf spot (Laurence et aL, 1979) are inhibited by SOi. Sulphur dioxide 
predisposes plants to fungus infection by decreasing their vigour and growth. 
When fungus establishes itself within the host tissue it is not likely to affected by 
SO2 (Heagle, 1973). Once within the roots, the wilt-inducing fusaria may grow 
fast spreading into the vascular elements, hence blocking the vascular system and 
producing phytotoxins which ultimately cause wilting and growth suppression 
(Mai and Abawi, 1987). 
Fungus inoculated chick-pea cultivars under SO2 stress exhibited sup-
pression in root nodule formation which may be due to acidification of soil 
Chick-pea strain of Rhizobium is sensitive to even slight acidity. Reduction in 
root-nodulation may have arised also due to competition of wilt-fungus with root 
nodule bacteria for nutrient supply or bacterium might have been affected by 
phytotoxin produced by the fungus. Any stress on the host ox Rhizobium affects 
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nodulation (Huang, 1987). Wilt symptoms appeared earlier and more severe 
when fungus inoculated plants were e^ qposed to sulphur dioxide. Biochemical 
changes in host plant as a result of their exposure to SO2 may have made 
conditions favourable for the colonization and pathogenic effect of the wilt 
fungus. 
In the present study, maximum suppression in plant growth of chick-pea 
cultivars was observed when the fungus + nematode inocualted plants were 
exposed to SO2. Chick-pea plants exhibited more suppression as compared to 
plants exposed to each of the pathogens individually or in combination i.e., 
nematode+fungus, nematode-I-802 and fungus-t-S02. This suppression maybe 
attributed to biochemical, physiological and structural changes induced by the 
pathogens as described earlier. Suppression in nematode reproduction was 
maximum in the presence of the three pathogens. This may be due to direct or 
indirect effect of SO2 on the nematode by soil aciditication or inadequate supply 
of nutrient to nematode due to adverse impact of SO2 on plant metabolism or 
competition for nutrient between the fungus and the nematode. Wilting ap-
peared earlier and was more severe in plants exposed to all the three pathogens. 
Alteration caused by SO2 may have caused better root penetration by the 
nematode juveniles and giant cells induced by the nematode provided adequate 
nutrients for the multiplication and spread of the fungus in the vascular system. 
The fungus by growing rapidly in adjacent :^lem parenchyma cells and the 
cortical tissue and by rapid mechanical plugging and production of wilt toxins, 
may have caused greater and earlier wilting of plants. Root nodulation which 
involves many components in a delicately balanced state was adversely affected 
under this treatment, because any stress on legume host or rhizobia disrupts the 
nodulation process (Huang, 1987). 
The findings of the present investigation demonstrate that, all the six 
commercial cultivars of chick-pea used in the study, which are being grown in 
India, are more or less susceptible/sensitive to root-knot nematode, Mebidogyne 
incognita (race 1), wilt fungus, Fusarium oxysporum f.sp. ciceri and sulphur 
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dioxide. Pusa-212, however, is an exception. It is resistant to F. oxysponim f.sp. 
ciceri, relatively less sensitive to SO2 but susceptible to M. incognita (race 1). 
Cultivation of these cultivars in the fields infested with the root-knot nematode 
or the wilt fungus or in areas polluted with SO2 is not desirable, and efforts, 
therefore, should be made to develop resistant/tolerent cultivars of chick-pea in 
order to minimize the damages caused by these biotic pathogens and SO2. The 
results further suggest that root-knot nematode, M. incognita (race 1) and wilt 
fungus, F. oxysponim f.sp. ciceri interact synergistically causing greater wilting of 
the cultivars susceptible to the fungus. Resistance of chick-pea cultivars against 
the wilt fungus is likely to be broken due to their interaction, as found in case of 
Pusa-212 SO2 stress on the crop plants, like chick- pea may also enhance their 
susceptibility to the wilt fungus and cultivars showing resistance against the wilt 
fungus may be predisposed by SO2. M. incognita infected plants are likely to 
suffer greater damage caused by SO2, accompanied with pronounced S02-in-
duced symptoms. SO2 stress can also influence the interactive effect of root 
infecting pathogens like Af. incognita andi^ oxysponim f.sp. c/cm causing greater 
plant damage and wilting. Intensity of wilting may be icnreased and appearence 
timing advanced. These findings are of great agricultural importance and need 
to be fully investigated in order to realize total implications of air pollution on 
crop plants. The problem, needs serious consideration by the management 
pathologist/nematologist and plant breeders. Root nodulation which is a benefi-
cial system for the crops is adversely affected by the all the components of the 
pathosystem, the nematode, the fungus and SO2 and through their interactions. 
Suppressive effect of SO2 on root nodulation and enhanced suppression in the 
presence of the nematode and fungus and another significant findings which need 
attention. 
 
 
 
 
 
  
 
 
 
SUMMARY 
In an attempt to study interaction between root-knot nematode, 
Meloidogyne incoffiita and wilt fungus, Fusarium oxyspomm f.sp. ciceri on chick-
pea and to assess impact of sulphur dioxide as air pollutant on their interaction, 
six commercial cultivars of chick-pea namely Pusa-209, Pusa-212, Pusa-244, 
Pusa-256, Pusa-267 and Pusa436 were evaluated for their response against M. 
incognita (race 1), F. oxyspomm f.sp. ciceri and SO2 with varying inoculum 
levels/doses in artificial inoculation/exposure conditions in glasshouse. All the 
six chick-pea cultivars were found to be susceptible to M. incog/tita (race 1). 
Infected plants of the cultivars exhibited characteristic symptoms. Inspite of 
variation in growth suppression between the cultivars caused by the root-knot 
nematode, all the growth parameters (length of shoot and root, fresh and dry 
weights of shoot and root) were significantly suppressed particularly at higher 
inoculum levels (1000 and 10,000 J2) of the nematode Root-knot nematode at 
10 and 100 J2 inoculum levels did not cause significant reduction in plant growtL 
Root nodulation (number of nodules per root system) was inhibited by the 
nematode which increased with an increase in inoculum level of the nematode. 
An analysis of the nodules in the cultivars showed that numbers of functional 
nodules declined and those of non-functional nodules were enhanced by the 
nematode infection. Higher inoclum levels were most effective in these respects. 
Nematode produced galls and egg masses on all the six cultivars of chick-pea. 
The extent of root galling and egg mass production varied. Root galling and egg 
mass production increased with an increase in the initial inoculum level of the 
nematode. Gall index (GI) and egg mass index (EMI) were almost equal on all 
the six cultivars. 
The wilt fungus, Fusarium oxyspomm f.sp. ciceri induced chlorosis of the 
chick-pea leaves in susceptible cultivars and the roots exhibited necrotic patches. 
Severity of the disease differed among the six cultivars tested. Plant growth was 
suppressed which was related to the inoculum levels of the fungus. However, ail 
 
 
 
 
 
  
 
 
 
115 
considered plant growth parameters were not significantly suppressed. Wilting 
of the cultivars was also related to the inoculum level of the fungus. Wilting 
appeared earlier at ZO g inoculum level of the fungus than at other inoculum 
levels. Pusa-212 was found to be resistantwhereas Pusa-209, Pusa-244, Pusa-256, 
Pusa-267 and Pusa-436 were susceptible to the fungus to a varying extent The 
wilt fungus also suppressed root nodulation. However, in some cultivars nodula-
tion was not suppressed significantly at 0.5 g of inoculum level. F. oxysporum f.sp. 
ciceri adversely affected the number of functional nodules in the susceptible 
cultivars and this suppression was maximum at 2.0 g inoculum level. 
Chick-pea plants exposed to sulphur dioxide exhibited chlorosis, intercos-
tal necrotic patches and browning of leaf margins and the severity of the 
symptoms increased with an increase in concentration of SO2. The symptoms 
were more pronounced at 0.2 ppm than 0.1 ppm. The timing of appearance of 
the symptoms was also influenced by the SO2 dosage. Chick-pea cultivars 
produced the symptoms after 6 exposures at 0.2 ppm whereas at 0.1 ppm, the 
symptoms appeared after 15 exposures. In general, SO2 suppressed plant growth 
of all chick-pea cultivars and this inhibition was greater at 0.2 ppm than 0.1 ppm. 
Growth suppressions varied among the cultivars. Root nodulation was sup-
pressed under SO2 exposure significantly even at lower concentration (0.1 ppm). 
Functional nodules also declined under SO2 stress. 
Synergistic interaction occurred between Meloidogyne incognita and 
Fiisarium oxysporum f.sp. ciceri in reducing the plant growth parameters of both 
chick-pea (Pusa-212 and Pusa-244) cultivars. Plant growth suppression was 
greater in sequential inoculation, when nematode inoculation preceded 3-weeks 
before the fungus inoculation than in concomitant inoculation, when both the 
pathogens were inoculated simultaneously. Root nodulation was suppressed 
greatly in the presence of the both pathogens, though, it was not synergistic. 
Greater inhibition occurred in sequential inoculation than in concomitant in-
oculation. Root galling and egg mass production of the nematode was not 
influenced significantly due to interaction of the pathogens. Wilting caused by 
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the fungus was enhanced in Pusa-244 by the presence of the nematode. It 
appeared earlier and wilt index was greater at the different time intervals in 
comparison to plants inoculated with the fungus alone. Sequential inoculation of 
the pathogens caused greater wilting than their simultaneous inoculation. Pusa-
212, which was resistant to the fungus, became susceptible in presence of the 
nematode and developed wilting symptoms. 
Sulphur dioxide also influenced wilting of the chick-pea cultivars. Fun-
gus-inoculated chick-pea cultivars under SO2 stress exhibited early appearance 
and more severe wilt symptoms. Pusa- 212 which was found to be resistant to wilt 
fungus also exhibited wilt symptoms after 30 days of inoculation when it was 
exposed to sulphur dioxide, F. oxysponun £sp. ciceri and SO2 synergistically 
reduced plant growth in both cultivars. Plants of the chick-pea cultivars e:q)osed 
to both the pathogens exhibited enhanced reduction in their growth parameters 
in comparison to the reductions caused by either of the pathogens individually. 
Suppression of the root nodulation also occurred under the influence of SO2. 
Number of functional nodules was also synergistically suppressed by the 
pathogens. 
Meloidogyne inco^ita and sulphur dioxide also interacted synergistically 
and suppressed plant growth of both chick-pea cultivars. Both pathogens caused 
greater damage to plant growth as compared to either of the pathogens in-
dividually. Nematode-infected plants showed more pronounced SOz-induced 
symptoms in the foliage. The symptoms also appeared earlier compared to plants 
exposed to SO2 alone. 502 inhibited root galling and egg mass production by M. 
incognita. Root nodulation was also suppressed by SO2 exposure. However, this 
suppression was not significant in comparison to plants inoculated with the 
nematode alone. Number of functional nodules declined under SO2 influence. 
When all the three pathogens {Meloidogyne incognita, Fusarium 
oxysporum f.sp. ciceri and 802) were together, further reduction in the growth 
parameters of chick-pea cultivars occurred. Plants were most stunted, chlorotic 
and necrotic in comparison to other treatments where the two pathogens were 
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present Maximum suppression in root galling and egg mass production of the 
nematode appeared under this treatment Nodulation in chick- pea cultivars was 
significantly inhibited in the presence of these pathogens. The same trend was 
observed for functional nodules for this treatment Wilting of chick-pea plants 
appeared earlier and more severe than those produced by fungus alone, 
nematode-l-fungus and fungus+S02 treated plants. 
Hatching of Meloidogyne incognita juveniles, determined in vivo was 
suppressed by SO2. Sulphurdioxide concentration and number of exposures were 
determinants for the extent of suppression in hatching. Hatching of juveniles was 
gradually suppressed as the concentration and number of SO2 exposure in-
creased- Maximum inhibition was observed after 168 h of incubation and by 0.2 
ppm SO2. Sulphur dioxide acidified the water in which egg masses were incubated 
for hatching. Acidification of water also was dependent of SO2 concentrations 
and number of exposures. Lowest water pH was noted after 168 h of exposure at 
0.2ppmSO2. 
Lower concentration (0.05 ppm) of SO2 favourably influenced colony 
growth oiFusarium oxysporum f.sp. ciceri in vivo. This was, however, not found 
statistically significant Higher concentrations (0.1 and 0.2 ppm) significantly 
inhibited colony growth of the fungus. Growth inhibition was greater at 0.2 ppm 
than 0.1 ppm SO2. 
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ANOVA TABLES 
Table 2a. Effect of different inoculum levels (Pi) ot Meloidogyne incognita 
on shoot length of chick-pea cultivars 
Source of 
Variables 
Replicates 
Cultivars (Fi) 
Treatnients(F2) 
FixFz 
Rrror 
DP 
4 
5 
4 
20 
llfi 
TSS 
9.959 
29&031 
843.109 
1M.734 
WfiW 
MSS 
Z490 
59.206 
21Q777 
5.237 
1.704 
F Value 
1.461. 
34.752 
123.720 
3074 
FValueat;~^ 
245 
229 
245 
1.61 
Table 2b. Effect of different inoculum levels (Pi) of Meloidogyne inco^iiia 
on root length of chick-pea cultivars 
Source of 
Variables 
Replicates 
Q»Itivar»(Fi) 
TreatinenU(F2) 
FixFz 
Rrror 
DF 
4 
5 
4 
20 
llfi 
TSS 
9.160 
34355 
110628 
3Q410 
150039 
MSS 
2290 
6871 
27.657 
1.520 
1?93 
FValue 
1.770 
5.312 
21.382 
1.175 
FValue at 5'^ 5 
•245 
229 
245 
1.61 
Table 3a. Effect of different inoculum levels (Pi) ot Meloidogyne incognita 
on shoot firesh \reight of chick-pea cultivars 
Source of 
variables 
Replicates 
Cultivars (Fi) 
Treatments (F2) 
FixFj 
Rrror 
DF 
4 
5 
4 
20 
116 
TSS 
Q162 
3a610 
53.520 
1.822 
7.788 
MSS 
0040 
6122 
13380 
a091 
no?4 
F Value 
1.689 
254.725 
556705 
3.790 
FValue at S'^  
245 
229 
245 
1.61 
Table 3b. Effect of different inoculum levels (Pi) of Meloidogyne incogfiita 
on root fresh weight of chick-pea cultivars 
Source of 
variables 
Replicates 
Qiltivars(Fi) 
Treatments (^ Fj) 
FixF? 
FiTTor 
DF 
4 
5 
4 
20 
llfi 
TSS 
0134 
1.693 
21616 
Q571 
7.4^4 
MSS 
Q033 
0338 
S904 
Q037 
ftO?1 
FValue 
1.593 
16139 
281.353 
1.789 
FValoeatS^ 
245 
229 
245 
1.61 
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Table 4a. Effect of different inoculum levels (PI) otMeloidogyne incognita 
on shoot dry weight of chick-pea cultivars 
Source of 
variables 
Replicates 
Cultivars (Fi) 
Treatments (F2) 
F1XF2 
Error 
DP 
4 
5 
4 
20 
iifi 
TSS 
Q122 
2927 
&910 
a314 
7104 
MSS 
Q03 
a585 
2227 
aoi5 
aoi8 
F Value 
1.689 
32262 
122764 
a866 
FValueat5% 
245 
229 
245 
161 
Table 4b. Effect of different inoculum levels (Pi) of Meloidogyne inco^ita 
on root dry weight of chick-pea cultivars 
Source of 
variables 
Replicates 
Qiltiv«r»(Fi) 
Treatments (Fz) 
FixFz 
FjTor 
DF 
4 
5 
4 
20 
iirt 
TSS 
aii6 
a943 
3.886 
a318 
1fi66 
MSS 
a029 
ai88 
Q971 
aoi6 
0.014 
FValue 
2033 
13.132 
67.646 
1.108 
FValue at 5% 
245 
229 
245 
1.61 
Table 5a. Effect of different inoculum levels (Pi) of Meloidogyne inco^ita 
on nodulation of chick-pea cultivars 
Source of 
variables 
RepUcates 
Ciiltivars(Fi) 
Treatments (F2) 
F1XF2 
PiTor 
DF 
4 
5 
4 
20 
116 
TSS 
1854.944 
36853.340 
341054.344 
10001.156 
36357 906 
MSS 
463.736 
7370.668 
85263.586 
500058 
^n3«7 
FValue 
1.480 
23.519 
272071 
L595 
FValue at 5% 
245 
229 
245 
1.61 
Table 5b. Effect of different inoculum levels (Pi) olMeloidogyne inco^ita 
on functional nodules of chick-pea cultivars 
Source of 
variables 
Elepiieates 
Qiltivar»(Fi) 
Treatments (F2) 
F1XF2 
Error 
DF 
4 
5 
4 
20 
116 
TSS 
28«9.474 
29981.273 
462299.531 
7856.969 
491M,fifi7 
MSS 
717368 
5996L255 
115574.883 
391848 
i r s - i s 
FValue 
1.694 
14156 
272856 
0927 
FValue at 5% 
245 
229 
245 
1.61 
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Table 5c. EfTect of different inoculum levels (PI) otMeloidogyne incoffiita 
on non-functional nodules of chick- pea cultivars 
Source of 
variables 
Replicatej 
Qiltivarj(Fi) 
Treatmentj (Fz) 
FixFz 
Frror 
DF 
4 
5 
4 
20 
116 
TSS 
73.614 
175.680 
9606.439 
1255.320 
\m.vf> 
NGS 
ia40o 
35.136 
2401.610 
61166 
9.W) . 
F Value 
1.969 
3.645 
249.132 
6511 
FValueatS% 
245 
129 
245 
1.61 
Table 6a. Gall production by Meloidogyne incogfiita on different chick-pea 
cultivars at different inoculum levels 
Source of 
variablet 
Replicates 
Cultivate (Fi) 
Treatments (F2) 
F1XF2 
Error 
DF 
4 
5 
4 
20 
116 
TSS 
1170.811 
4988.436 
1035646.750 
4377.562 
33777.812 
MSS 
292.702 
997.687 
258911.687 
218878 
?&^m 
F Value 
1.020 
3.478 
902651 
Q763 
F Value at 5% 
245 
229 
245 
1.61 
Table 6b. Gall index ot Meloidogyne incopiita on different chick-pea 
cultivars 
Source of 
variables 
Replicates 
Cultivan(Fi) 
Treatments (F2) 
F1XF2 
Rrmr . .._. 
DF 
4 
5 
4 
20 
iifi 
TSS 
Q107 
L073 
542240 
2560 
"1,091 
MSS 
0027 
0215 
135.560 
0128 
OfU3 
F Value 
0607 
4889 
3087.367 
2915 
FVaIneat5% 
245 
229 
245 
1.61 
Table 6c. Egg mass production by Meloidogyne inco^ita on different 
chick-pea cultivars at different inoculum levels 
Source of 
variables 
RtplicatM 
Oiltivan(Fi) 
Treatments (F2) 
F1XF2 
Ermr 
DF 
4 
5 
4 
20 
116 
TSS 
686356 
337ai99 
487114.969 
409a75O 
Ismail 
MSS 
17L589 
675939 
12177&742 
aM.537 
1?»-W? 
FValue 
U 3 6 
S263 
9W1710 
L593 
FValue at 5% 
245 
229 
245 
1.61 
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Table 6d. Egg mass Index otMeloidogyne incognita on diOerent chick-pea 
cultivars 
Source o( 
variables 
Replicates 
Ckiltivars(Fi) 
Treatments (F2) 
F1XF2 
Error 
DF 
4 
5 
4 
20 
l l f i 
TSS 
Q107 
0.140 
445.440 
Q560 
M>.<n 
MSS 
0.(06 
0.028 
111.360 
0.023 
0016 
FValuo 
1.634 
1.715 
6C2.843 
1.715 
FV i l u i a t S ^ 
245 
229 
2 45 
1.61 
Table 7a. Effect of different inoculum levels ofFusariiim oxysponim Lsp. 
ciceri on shoot length of chick- pea cultivars 
Source of 
variables 
Replicates 
Cultivars (Fi ) 
TreatmenU(F2) 
FixFz 
FxTi-ir 
DF 
4 
5 
3 
15 
<n 
TSS 
19.007 
375.265 
49.499 
67.602 
lAi7ig 
MSS 
4.752 
75.053 
16499 
4.507 
7.008 
FValue 
2366 
37.380 
&218 
2245 
FValue at 5% 
245 
229 
268 
1.S3 
Table 7b. Effect of different inoculum levels ofFusarium oxysponim Lsp. 
ciceri on root length of chick-pea cultivars 
Source of 
variables 
Replicates 
Qiltivars(Fi) 
Treatments (F2) 
F1XF2 
Error 
DF 
4 
5 
3 
15 
97. 
TSS 
2QS85 
101.467 
^.568 
141.330 
39R717 
MSS 
5.221 
2Q293 
22523 
9422 
4^34 
FValue 
U 0 4 
4.682 
5.197 
2174 
FValue at 5% 
245 
229 
268 
1.83 
Table 8a. Effect of different inoculum levels ofFusariwn oxysponim f.sp. 
ciceri on shoot ft^sh weight of chick-pea cultivars 
Source of 
variables 
Repbcates 
a>ltivars(Fi) 
Treatments (Fz) 
F1XF2 
FjTor 
DF 
4 
5 
3 
15 
en 
TSS 
0968 
24.901 
2754 
Q488 
9111 
MSS 
a242 
4980 
a918 
Q032 
0099 
FValue 
2444 
5Q289 
9269 
Q328 
FValue at 5% 
245 
268 
1.83 
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Table 8b. Effect of different Inoculum levels otFusarium oxysponun tsp. 
cicai on root fresh weight of chick-pea cultivars 
Source of 
variables 
Replicates 
Oiltivars(Fi) 
TreatmenU (Fz) 
F1XF2 
Rrror 
DF 
4 
5 
3 
15 
09 
TSS 
Q178 
3.397 
2794 
1.135 
mm 
MSS 
a044 
0679 
Q931 
a076 
QUO 
F Value 
Q404 
61(50 
&443 
0686 
FV ilueat5% 
245 
229 
268 
1.83 
Table 9a. Effect of different inoculum levels otFusarium oxysporum tsp. 
ciceri on shoot dry weight of chick-pea cultivars 
Source of 
variables 
Replicates 
Qiltivar5(Fi) 
Treatments (¥2) 
F1XF2 
Frror 
DF 
4 
5 
3 
15 
on 
TSS 
Q200 
3.813 
1.342 
0148 
7.417 
MSS 
O050 
0762 
0447 
0010 
omfi 
F Value 
1.897 
28786 
1&890 
0373 
FValueat5% 
245 
229 
268 
1.53 
Table 9b. Effect of different inoculum levels otFusarium oxysporum tsp. 
ciceri on root dry, weight of chick-pea cultivars 
Source of 
variables 
Replicates 
a»ltivar«(Fi) 
Treatments (Fj) 
FixFj 
FjTor 
DF 
4 
5 
3 
15 
07. 
TSS 
0239 
1.737 
0772 
0326 
7.327 
MSS 
0059 
0374 
0257 
0022 
007.5 
FValue 
2372 
11733 
10180 
0861 
FValue at 5% 
245 
229 
268 
1.33 
Table 10a. Effect of different inoculum levels of Fusarium oxysporum tsp. 
ciceri on nodulation of chick-pea cultivars 
Source of 
variables 
Repiicatet 
CuItivan(Fi) 
Treatments (F2) 
F1XF2 
FiTor 
DF 
4 
5 
3 
15 
07 
TSS 
63.242 
20473.992 
224475.234 
25717.266 
7AI7 7.5(1 
MSS 
15.810 
4094.798 
74«25.078 
1714.484 
v\om 
FValue 
0511 
132310 
2417.740 
55L398 
FValue at 5% 
245 
229 
268 
L83 
 
 
 
 
 
  
 
 
 
146 
Table 10b. Effect of different Inoculum levels olFiisarium oxysporum tsp. 
ciceri on functional nodules of chick-pea cuIUvars 
Sourc« of 
variables 
Replicate* 
Cultivars(Fi) 
Treatments (Fz) 
FixF2 
Rrror 
DF 
4 
5 
3 
15 
q? 
TSS 
193.091 
27817.9^ 
335511.844 
3819Z031 
3TOy;Sfi 
MSS 
4^273 
55^.594 
111837.281 
25+5.135 
34 5fi1 
FValue 
1.397 
160.977 
3235.894 
73.670 
FValue at 5% 
245 
229 
268 
1.83 
Table 10c. Effect of different inoculum levels oTFusarium oxysporum f.sp. 
ciceri on non-functional nodules of chick-pea cultivars 
Source of 
variables 
RepUcates 
0>ltivar»(Ft) 
Treatments (F2) 
FixF2 
Frrfir 
DF 
4 
5 
3 
15 
<». 
TSS 
37.800 
2866.800 
12206.198 
3619.803 
S84,199 
MSS 
9.450 
573.360 
4068.733 
241.320 
a3.5{l 
FValue 
1.489 
90.293 
640746 
3&003 
FV ilueat5% 
245 
229 
268 
1.83 
Table 11a. Wilt index oTFusarium oxysporum Lsp, ciceri at different 
inoculum levels on chick-pea cultivars after 15 days 
Source of 
variables 
Replicates 
ailtivan(Fi) 
Treatments (F2) 
F1XF2 
Frror 
DF 
4 
5 
3 
15 
9?. 
TSS 
aooo 
aooo 
QOOO 
aooo 
aooo 
MSS 
aooo 
aooo 
QOOO 
QOOO 
flow 
FValue 
QOOO 
QOOO 
QOOO 
QOOO 
FValue at 5% 
QOOO 
QOOO 
QOOO 
QOOO 
Table lib. Wilt index olFusarium oxysporum tsp. ciceri at different 
inoculum levels on chick-pea cultivars after 30 days 
Source of 
variables 
Replicates 
Cultivan (Fi) 
Treatments (F2) 
F1XF2 
Error 
DF 
4 
5 
3 
IS 
97 
TSS 
a083 
1667 
2500 
5.000 
1917 
MSS 
0021 
a333 
Q833 
0333 
nn?i 
FValue 
1.000 
15.999 
39.999 
15.999 
FValue at 5% 
245 
229 
268 
1.83 
 
 
 
 
 
  
 
 
 
147 
Table lie. Wilt index otFusarium oxysporum tsp. ciceri at difTerent 
inoculum levels on chick«pea culUvars after 45 days 
Source of 
variabltj 
Replicates 
Qiltivar»(Fi) 
Treatmentj(F2) 
FlxFz 
_ Error 
DF 
4 
5 
3 
15 
07. 
TSS 
Q333 
11.(567 
22499 
15.000 
9,(yr7 
MSS 
a083 
2333 
7.499 
1000 
Q105 
FValue 
Q793 
22207 
71.380 
9.517 
FValue at 5% 
245 
229 
ICi 
Wi 
Table lid. Wilt index otFusarium oxysporum f.sp. ciceri at different 
inoculum levels on chick-pea cultivars after 60 days 
Source of 
variable! 
Replicates 
Qiltivir»(Fi) 
Treatment! (F?) 
F1XF2 
_ Enci 
DF 
4 
5 
3 
15 
97. 
TSS 
1.500 
30000 
61.667 
1&333 
94sno 
MSS 
0375 
6000 
20555 
t222 
n7«i 
FValue 
1.409 
22531 
77.188 
4.589 
FValue it 5% 
245 
229 
2 « 
1.63 
Table 12a. Effect of SO2 on shoot length of chick-pea cultivars 
Source of 
variable* 
Replicates 
Cultivars (Fi) 
TreatmenU(F2) 
FixF; 
Frror 
DF 
4 
5 
. 2 
10 
fi8 
TSS 
14.650 
120456 
loaeTi 
61.529 
KW976 
MSS 
3663 
24091 
54335 
&153 
7196 
FValue 
1.528 
10055 
22678 
2568 
FValue at 5% 
252 
2 3 -
115 
1.92 
Table 12b. Effect of SO2 on shoot &%sh weight of chick-pea cultivars 
Source of 
variables 
Replicates 
Qiltivars(Fli) 
Treatments (Fz) 
FixF: 
Fxror 
DF 
4 
5 
2 
10 
68 
TSS 
Q429 
11.466 
12164 
2721 
4^S4 
MSS 
0107 
2293 
6082 
0272 
0064 
FValue 
L674 
31815 
94990 
4249 
FValneat5% 
252 
237 
3L15 
1.92 
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Table 12c. Effect of SO2 on shoot dry weight of chick- pea cultivars 
Source of 
variables 
Replicates 
Cultivars (Fi) 
Treatments (F2) 
F1XF2 
Rrror 
DF 
4 
5 
2 
10 
m 
TSS 
Q154 
3.927 
1.124 
Q208 
1ftT7 
MSS 
a038 
Q785 
0562 
a021 
0077 
F Value 
1.397 
28474 
20378 
Q753 
F Value at 5% 
252 
237 
3.15 
L92 
Table 13a. Effect of SO2 on root length of chick-pea cultivars 
Source of 
variables 
Replicates 
QiItivars(Fi) 
Treatments (Fz) 
F1XF2 
Error 
DF 
4 
'5 
2 
10 
fA 
TSS 
17009 
24055 
16022 
10911 
1»47i* 
MSS 
4.252 
4.811 
8011 
1.091 
1S15 
F Value 
2343 
2650 
4413 
0601 
FValueat5% 
252 
237 
3.15 
L92 
Table 13b. Effect of SO2 on root ft^sh weight of chick-pea cultivars 
Source of 
variables 
Replicates 
Cultivars (Fi) 
Treatments (F2) 
FixFz 
FjTor 
DF 
4 
5 
2 
10 
68 
TSS 
0371 
12766 
6581 
3.502 
^ W 
MSS 
0092 
2553 
3.290 
0350 
0049 
F Value 
1.888 
51.992 
67.006 
7131 
F Value at 5% 
252 
237 
3.15 
1.92 
Table 13c. Effect of SO2 on root dry weight of chick- pea cultivars 
Source of 
variables 
Replicates 
Qiltivar»(Fi) 
Treatmena(F:) 
FixF2 
FjTor 
DF 
4 
5 
2 
10 
(& 
TSS 
0106 
3652 
0259 
0247 
147? 
MSS 
0026 
0730 
0129 
0025 
0077. 
F Value 
1.229 
33.728 
5973 
1.139 
F Value i t 5% 
252 
Z37 
115 
192 
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Table 14a. Etfect of SO2 on nodulation of chick- pea cultivars 
Soaro«of 
variables 
R ^ c a t e s 
Caltivan(Fi) 
Treatm«aU(F2) 
F1XF2 
Rrror 
DF 
4 
5 
2 
10 
68 
TSS 
191.253 
2S8<5.375 
34908.062 
582750 
iS7rt9Sn 
MSS 
47.813 
4477.275 
17454.031 
5&275 
?7,W, 
FV«lu« 
1.733 
162268 
632578 
2112 
FValueat5% 
252 
2.37 
315 
1.92 
Table 14b. Effect of SO2 on functional nodules of chick-pea cultivars 
Soarc« of 
variables 
Repiicates 
ajltivarj(Fi) 
Treatments (F2) 
FixFz 
Error 
DF 
4 
5 
2 
10 
63 
TSS 
256 088 
15771.410 
63067.285 
3056.023 
1749 031 
MSS 
64.022 
3354.282 
31533.642 
205.602 
75 771 
F Value 
2489 
130410 
1225.986 
7593 
F Value at 5% 
252 
237 
3.15 
1.92 
Table 14c. Effect of SO2 on non-functional nodules of chick-pea cultivars 
Sourc«of 
variables 
Replicates 
Q«ltivar»(Fi) 
Treatmei>U(Fz) 
FixFz 
Frror 
DF 
4 
5 
2 
10 
68 
TSS 
71.415 
821.389 
2761.355 
184778 
m<H4 
MSS 
17.853 
164277 
138a678 
1&478 
847.1 
FValue 
2120 
151507 
lassi 
2194 
FValue at 5% 
252 
237 
115 
1.92 
Table 15a. Interactive effect oiMeloidogyne incognita and Fusarium 
oxysporum tsp. ciceri on shoot length of chick-pea cultivars 
Source of 
variables 
Repbcates 
QUtJvan(Fi) 
Treata«aU(Fz) 
FixFi 
Em>r 
DF 
4 
1 
4 
4 
• ^ 
TSS 
&720 
1381 
594121 
13.719 
sn«70 
MSS 
2180 
31380 
14&S30 
3L430 
1413 
FValue 
L542 
2392 
105.094 
2477 
FValue at 5% 
261 
408 
261 
261 
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Table 15b. Interactive effect otMeloidogyne incognita and Fusarium 
oxysporum tsp.c/cm on root length of chick-pea cultivars 
Source of 
variables 
Replicates 
Cultivars (Fi) 
Treatments (F2) 
F1XF2 
Rrror 
DP 
4 
1 
4 
4 
:v; 
TSS 
11.320 
11.519 
37Z920 
51.4.30 
47S7g 
MSS 
2830 
11.519 
93.230 
12870 
11«S 
F Value 
2387 
9.717 
7&639 
1Q856 
FVaIueat5% 
261 
4.08 
261 
261 
Table 15c. Interactive effect oTMeloidogyne incognita and Fusarium 
oxysporum ts^. ciceri on shoot fresh weight of chick-pea cultivars 
Source of 
variables 
Replicates 
Qjltivtrs (Fi) 
Treatments (F2) 
F1XF2 
Rrror 
DF 
4 
1 
4 
4 
y> 
TSS 
0080 
0405 
94.370 
0670 
0570 
MSS 
0020 
0405 
23.592 
0167 
(1014 
FValue 
1.386 
28057 
1633.292 
11.590 
FValue at 5% 
261 
408 
261 
261 
Table 15d. Interactive effect o( Meloidogyne incognita and Fusarium 
oxysporum Lsp. ciceri on root fresh weight of ctiick-pea cultivars 
Source of 
variables 
Replicates 
Qiltivar»(Fi) 
Treatments (F2) 
F1XF2 
Error 
DF 
4 
1 
4 
4 
36 
TSS 
Q090 
0080 
65.270 
1J70 
0300 
MSS 
0022 
0080 
16317 
0392 
0011 
FValue 
2073 
7.390 
1505.351 
36208 
FValue at 5% 
261 
4.08 
261 
261 
Table 15e. Interactive effect ot Meloidogyne incog/tita and Fusarium 
oxysporum Csp. ciceri on shoot dry weight of chick-pea cultivars 
Source of 
viriaMes 
Replicates 
Qiltivan(Fi) 
TreataeDt>(F2) 
FixF2 
Error 
DF 
4 
1 
4 
4 
V, 
TSS 
0071 
0168 
&441 
Q373 
0357 
MSS 
0017 
0168 
2110 
0093 
0010 
FValue 
1.784 
16953 
212677 
3392 
FVal»eat5% 
261 
<08 
261 
261 
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Table 15C, Interactive effect oT Meloidogyne incognita and Fusarium 
oxysporum tsp. ciceri on root dry weight of chick-pea cultivars 
Source of 
variables 
Replicate* 
Qjltivars(Fi) 
Treatments (F7) 
F1XF2 
East.. 
DF 
4 
1 
4 
4 
Vi 
TSS 
a075 
a423 
5.035 
a383 
015^ 
MSS 
Q018 
0.423 
1759 
0.096 
aoio 
F Value 
1.906 
43.137 
12&298 
9.754 
FValneat5% 
Z61 
408 
161 
161 
Table 16a. Interactive effect oT Meloidogyne incognita and Fusarium 
oxysporum tsp. ciceri on nodulation of chick-pea cultivars 
Source of 
variables 
Replicates 
Qiltivar»(Fl) 
Treatments (Fz) 
FixFz 
Frror 
DF 
4 
1 
4 
4 
Vi 
TSS 
301520 
22387269 
95166.930 
12995.320 
TOS46q 
MSS 
75.629 
22387.269 
23791.732 
3248.830 
fiI«1S 
FValue 
1.223 
362145 
384.864 
52554 
FValue at 5% 
261 
4.0* 
261 
261 
Table 16b. Interactive effect otMeloidogyne incognita and Fusarium 
oxysporum tsp. ciceri on functional nodules of chick-pea cultivars 
Source of 
variables 
Replicates 
Qiltiv«r»(Fi) 
Treatments (Fz) 
F1XF2 
Error 
DF 
4 
1 
4 
4 
36 
TSS 
47&920 
17709.623 
143282922 
22039.469 
949! 4A» 
MSS 
119.730 
17709.623 
35820.730 
5509.867 
69 9.08 
FValue 
L730 
255.890 
517581 
79.613 
FValBe«t5% 
261 
408 
261 
261 
Table 16c. Interactive effect otMeloidogyne incognita and Fusarium 
oxysporum T^p. ciceri on non-functional nodules of chick-pea cultivars 
Source of 
variables 
Replicates 
Oiltivars(Fi) 
Treatments (F;) 
F1XF7 
Prmr 
DF 
4 
1 
4 
4 
V4 
TSS 
4 i l l 9 
302580 
548a720 
1637.919 
9fT7rw 
MSS 
1Q780 
302581 
1370.180 
4051480 
<:7SR 
FValue 
U 7 2 
52552 
237.970 
71.117 
FValoeat5% 
261 
408 
261 
261 
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Table 17a. Interactive effect ot Meloidogyne incognita and Fusarium 
oxysporum tsp. ciceri on root galling on chick-pea cultivars 
Source of 
variable* 
Replicates 
Cultivars (Fi) 
Treatments (F2) 
FixFz 
Error 
DF 
4 
1 
4 
4 
% 
TSS 
317.797 
1250.000 
133933.000 
1065.000 
9147.7m 
MSS 
79.449 
1250.000 
33498.250 
26&250 
rnQSO 
FValue 
Q313 
4.922 
131.909 
1048 
FValue at 5% 
261 
40S 
261 
261 
Table 17b. Interactive effect of Meloidogyne incognita and Fusarium 
oxysporum Lsp. ciceri on egg mass production on chick-pea cultivars 
Source of 
variables 
R ^ c a t e s 
Cultivars (Fi) 
Treatments (Fz) 
F1XF2 
F.rror 
DF 
4 
1 
4 
4 
^ 
TSS 
53L000 
44.180 
56552000 
934.726 
4ffl7.S<M 
MSS 
132750 
44.180 
14138.000 
233.682 
1781?« 
FValue 
L036 
Q345 
11Q343 
1.824 
FValue at 5% 
261 
408 
261 
261 
Table 17c. Interactive effect of Meloidogyne incognita and Fusarium 
oxysporum f.sp. ciceri on gall index on chick-pea cultivars 
Source of 
variables 
Replicates 
Cultivars (Fi) 
Treatments (F2) 
F1XF2 
Frror 
DF 
4 
1 
4 
4 
Vi 
TSS 
Q520 
Q180 
251.120 
Q320 
5480 
.MSS 
0.130 
Q180 
62780 
aoso 
01S7. 
FValue 
Q854 
1.182 
412422 
a525 
FValue at 5% 
261 
408 
261 
261 
Table 17d. Interactive effect of Meloidogyne incognita and Fusarium 
oxysporum fjsp. ciceri on egg mass index on chick-pea cultivars 
Source of 
variables 
Replicate* 
QUtiv«r»(FO 
Treatm*nU(F2) 
FjxF? 
&Tor 
DF 
4 
1 
4 
4 
16 
TSS 
0200 
0080 
192000 
0320 
i4nn 
MSS 
0050 
0080 
48000 
0080 
nmo 
FValue 
1.285 
2057 
1234.291 
2057 
FValB«at5?6 
261 
408 
2oT 
261 
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Table 18a. Interactive effect oT Meloidogyne incognita and Fusarium 
oxysporum tsp. ciceri on wilt index of chick-pea cultivars after 15 days 
Sourc« of 
variabUi 
Replicates 
Ckiltivars (Fi) 
Treatment* (F2) 
F1XF2 
FjTAr 
DF 
4 
1 
4 
4 
Vi 
TSS 
0030 
Q720 
2880 
2880 
0770 
MSS 
Q020 
Q720 
0720 
Q720 
0090 
FValue 
1.000 
35.999 
35.999 
35.999 
FValD<at5% 
261 
4.<-A 
261 
261 
Table 18b. Interactive effect oZMeloidogyne incognita and Fiisaritim 
oxysporum Lsp. ciceri on wilt index of chick-pea cultivars after 30 days 
Source of 
variablei 
Replicate* 
Cultivars (Fi) 
Treatments (F2) 
F1XF2 
Prror 
DF 
4 
1 
4 
4 
36 
TSS 
0120 
0980 
23.120 
2720 
i4An 
MSS 
0029 
0980 
5.780 
0680 
0041 
F Value 
Q729 
23.838 
140.595 
16540 
FVaiueat5% 
261 
408 
261 
261 
Table 18c. Interactive effect oiMeloidogyne incognita and Fusarium 
oxysporum Lsp. ciceri on wilt index of chick-pea cultivars after 45 days 
Source of 
variables 
Replicates 
QiItivars(Fi) 
Treatments (F2) 
FixF2 
Frror 
DF 
4 
1 
4 
4 
Vi 
TSS 
0480 
1.620 
31.680 
2480 
9^70 
MSS 
0120 
1.620 
7.920 
0620 
0064 
F Value 
1.862 
25.158 
122896 
9.620 
FValueatS'™ 
261 
408 
261 
261 
Table 18d. Interactive effect otMeloidogyne incognita and Fusarium 
oxysporum f.sp. ciceri on wilt index of chick-pea cultivars after 60 da>^  
Source of 
variables 
Replicates 
ailtivart(Fi) 
Treatments (F2) 
F1XF2 
Error 
DF 
4 
1 
4 
4 
V5 
TSS 
1.778 
2000 
77.000 
1000 
7400 
MSS 
0444 
2000 
1S12S0 
0750 
a7ft^ 
F Value 
2162 
ft730 
» 6 4 9 
i649 
FValneatS* 
261 
408 
2(51 
261 
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Table 19a. Interactive effect of SO2, Meloidogyne incognita and Fusarium 
oxysponun tsp. ciceri on shoot length of chick-pea cuitivars 
Sour«« of 
vaiiabtes 
Replicate* 
QiItivarj(Fi) 
Treatments (F2) 
F1XF2 
Error 
DF 
4 
1 
7 
7 
fin 
TSS 
22373 
2813 
417587 
23.888 
141774 
MSS 
5.593 
2813 
59.655 
3.412 
7.^ fi3 
FValue 
2367 
1.190 
25.246 
1.444 
FValue at5% 
252 
40 
210 
210 
Table 19b. Interactive effect of SO2, Meloidogyne incognita and Fusarium 
oxysponun tsp. ciceri on root length of chick-pea cuitivars 
Source o( 
vaiiablej 
Replicates 
CuItiv«r»(Fi) 
Treatments (F2) 
F1XF2 
FjTor 
DF 
4 
1 
7 
7 
fif) 
TSS 
9.685 
a050 
305.750 
4.150 
7797,'i 
MSS 
2421 
0050 
43.678 
0593 
17<)9 
FValue 
1.864 
0038 
33.631 
0456 
FValue at 5% 
252 
4.00 
210 
210 
Table 19c. Interactive effect of SO2, Meloidogyne incognita and Fusarium 
oxysponun tsp. ciceri on shoot fresh weight of chick-pea cuitivars 
Source of 
variables 
Replicates 
Qjltivir»(Fi) 
Treatments (F2) 
F1XF2 
firr.->r 
DF 
4 
1 
7 
7 
60 
TSS 
0269 
0220 
28595 
0771 
2987. 
MSS 
0067 
0220 
4.085 
QUO 
0050 
FValue 
1.356 
4.435 
82180 
2217 
FValue at 5% 
252 
400 
210 
210 
Table 19d. Interactive effect otSO^, Meloidogyne inco^ita and Fusarium 
oxysponun tsp. ciceri on root fresh weight of chick-pea cuitivars 
Source of 
variables 
EUpiicates 
Cultivir»(FO 
Treatments (F2) 
FIXF2 
Error 
DF 
4 
1 
7 
7 
60 
TSS 
Q157 
1.984 
2a 234 
L901 
1-^ 4^  
MSS 
0040 
1.984 
2890 
0271 
noTO 
FValue 
1.892 
9S.660 
139.330 
13.093 
F Value at 5% 
252 
400 
210 
210 
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ble 19e. Interactive effect of SO2, Meloidogyne incognita and Fusarium 
oxyspomm Lsp.ciceri on shoot dry weight of chick-pea cultivars 
Sourc« of 
variables 
Replicate* 
Cultivarj(Fi) 
Treatments (F2) 
F1XF2 
Frror 
DF 
4 
1 
7 
7 
ffi 
TSS 
Q181 
a028 
3.197 
Q197 
i:?40 
MSS 
a090 
Q028 
0.457 
Q'128 
nro7 
F Value 
2030 
1.259 
20.449 
1.260 
FValu«at5% 
252 
4.00 
210 
210 
Table 19f. Interactive effect of SO2, Meloidogyne incognita and Fusarium 
oxyspomm tsp. ciceri on root dry weight of chicli-pea cultivars 
Source of 
variable* 
Replicate* 
Cultivars (Fi) 
Treatment* (Fz) 
FixF2 
Frror 
DF 
4 
1 
7 
7 
fin 
TSS 
Q156 
0032 
L844 
0204 
1?4g 
MSS 
Q039 
0320 
Q263 
Q029 
omo 
FValue 
1.874 
1.537 
12(557 
1.400 
FValue at 5% 
252 
400 
210 
210 
Table 20a. Interactive effect of SO2, Meloidogyne incognita and Fusarium 
oxyspomm tsp. ciceri on root galling on chick-pea cultivars 
Source of 
variables 
Replicates 
Cultiv«r*(Fi) 
Treatment* (F2) 
FixF2 
Frror 
DF 
4 
1 
7 
7 
fiO 
TSS 
136560 
217.797 
1570*0.937 
51Q422 
1777.7.iq 
MSS 
34.140 
21T797 
22434.420 
72917 
-1^.04 
FValue 
1.610 
10271 
1058.045 
3.439 
FValue it5% 
2 5 ; 
4C0 
210 
210 
Table 20b. Interactive effect of SO2, Meloidogyne inco^ita and Fusarium 
oxyspomm f.sp. ciceri on gall index on chick-pea cultivars 
Source of 
viriable* 
Replicate* 
Cultivars (Fi) 
Treatment* (F2) 
FixF2 
PjTor 
DF 
4 
1 
7 
7 
60 
TSS 
Q125 
0050 
366950 
0150 
1475 
MSS 
0031 
0050 
52421 
0021 
nfl?4 
FValue 
1.271 
2033 
2132432 
0872 
FValue It 5% 
2 5 ; 
400 
210 
210 
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Table 20c. Interactive effect of SO2, Meloidogyne incognita and Fusarium 
oxysporum flsp. ciceri on egg mass production on ciiick-pea cultivars 
Source of 
variables 
Replicatei 
Qiltivars(Fi) 
Treatments (F2) 
FixFz 
FiTor 
DP 
4 
1 
7 
7 
fiO 
TSS 
41.375 
1.250 
49693.750 
93.750 
44067.S 
MSS 
1Q344 
1.250 
7099.107 
13.393 
1-KU. 
FValue 
1.408 
Q170 
966i6ii7 
1.824 
FVaUeatS^'o 
252 
4.00 
210 
210 
Table 20d. Interactive effect of SO2, Meloidogyne incognita and Fusarium 
oxysporum tsp. ciceri on egg mass index on chicle-pea cultivars 
Source of 
variables 
Replicates 
Qiltivars(Fi) 
Treatments (F2) 
F1XF2 
Rrror 
DF 
4 
1 
7 
7 
m 
TSS 
a075 
QOOO 
312350 
aooo 
1S7.S 
MSS 
0018 
QOOO 
44.621 
aooo 
0075 
FValue 
a738 
0004 
1755.639 
QOOO 
FValue at 5% 
252 
4,00 
210 
210 
Table 21a. Interactive effect of SO2, Meloidogyne incognita and Fusarium 
oxysporum f.sp. ciceri on nodulation of chick-pea cultivars 
Source of 
variables 
Replicates 
Cultivar»(Fi) 
Treatments (Fz) 
F1XF2 
Frror 
DF 
4 
1 
7 
7 
60 
TSS 
1766.200 
5916.794 
71593.359 
1761609 
lAW.i^U 
MSS 
441.550 
591&794 
lQ2r7.623 
251.801 
747716 
FValue 
1.782 
23.885 
41.288 
1.016 
FValue at 5% 
152 
400 
110 
110 
Table 21b. Interactive effect of SO2, Meloidogyne inco^ita and Fusarium 
oxysporum f.sp. ciceri on functional nodules of chick-pea cultivars 
Source of 
vuiables 
Replicates 
Oiltivars(Fi) 
Treatments (F?) 
F]XF2 
Error 
DF 
4 
1 
7 
7 
(jft 
TSS 
17925 
ff7n.l98 
79970953 
5798.195 
ffll ''.SI 
MSS 
4.481 
oni.198 
11424.422 
8Si313 
10188 
FValue 
a440 
664.623 
1121.358 
81.303 
FValue at 5% 
400 
210 
210 
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Table 21c. Interactive effect of SO2, Meloidogyne incognita and Fusarium 
oxysporum Lsp. ciceri on non-functional nodules of ctiick-pea culUvars 
Source of 
variables 
Replicates 
Cultivarj(Fi) 
Treatments (F;) 
Fi.<F2 
Frror 
DF 
4 
1 
7 
7 
fin 
TSS 
6aS"50 
2asoi 
11724.200 
6021396 
5fJ,fi01 
MSS 
17240 
2a 801 
1674.8«5 
860342 
OOrtO 
FValue 
1.902 
3.179 
184.865 
94.960 
FValue at 5% 
Z52 
400 
210 
210 
Table 22a. Interactive effect oi SO2, Meloidogyne incognita and Fusarium 
oxysporum tsp. ciceri on wilt index of chick-pea cultivars after 15 days 
Source of 
variables 
Replicates 
Cultivars (Fi) 
Treatments (F2) 
F1XF2 
Error 
DF 
4 
1 
7 
7 
fiO 
TSS 
OiOO 
L250 
3i00 
3.750 
7^00 
MSS 
Q125 
1.250 
2857 
0536 
017.5 
FValue 
1.000 
iao(» 
22.857 
4286 
FValue at 5'~? 
252 
400 
210 
210 
Table 22b. Interactive effect of SO2, Meloidogyne incognita and Fusarium 
oxysporum tsp. ciceri on wilt index of chick pea cultivars after 30 days 
Source of 
variables 
Replicates 
Qiltivar»(Fi) 
Treatments (F2) 
F1XF2 
FjTor 
DF 
4 
1 
7 
7 
60 
TSS 
OLSOO 
2S12 
49687 
4635 
7<00 
MSS 
0125 
2812 
7098 
Q670 
0175 
FValue 
1.000 
22500 
5«i786 
5.357 
FValue at 5T5 
252 
400 
210 
210 
Table 22c. Interactive effect of SO2, Meloidogyne incognita and Fusarium 
oxysporum f.sp. ciceri on wilt index of chick-pea culUvars after 45 days 
Source of 
variables 
Replicates 
Qiltivar»(Fi) 
TreatjneBtsfFi) 
FiXFz 
Error 
DF 
4 
1 
7 
7 
60 
TSS 
L W 
iOOO 
145.000 
SOOO 
rX75 
MSS 
a494 
5.000 
2Q714 
Q714 
07fk; 
FValue 
2394 
24.242 
10Q433 
3.463 
FValneatS''!?' 
252 
400 
210 
210 
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Table 22d. Interactive effect of SO2, Meloidogyne incognita and Fusarium 
oxysporum Lsp. ciceri on wilt index of chick-pea cultlvars after 60 days 
Sourc« of 
variables 
RepUcaUs 
OiItivar»(Fi) 
Treatment (Fz) 
FlxFz 
Rrror 
DF 
4 
1 
7 
7 
m 
TSS 
1.092 
L250 
183.750 
3.750 
<).62.S 
MSS 
Q273 
1250 
26250 
0536 
(1160 
F Value 
1.701 
7792 
163.636 
3.340 
FVaIu«at5% 
252 
4.C0 
210 
210 
Table 23a. Impact of SO2 on juvenile hatching otMeloidogyne incognita 
Soure« of 
Variable 
RepBcates 
rim«(Fi) 
Treatments (F2) 
/5Xi«5 
Frror 
DF 
4 
1 
3 
3 
7« 
TSS 
3794.000 
445210.800 
946047.600 
95598.810 
7636 750 
MSS 
984.500 
445210.800 
315349200 
31866.270 
:^.711 
FValue 
3.477 
1632357 
1156.222 
116837 
FValue at5% 
271 
A.20 
295 
295 
Table 23b. Impact of SO2 on acidification of water 
Source of 
Variable 
RepUcates 
Time (Fi) 
Treatments (F2) 
/ t X i ^ 
FfTor 
DF 
4 
1 
3 
3 
?ft 
TSS 
aoo9 
14399 
3.416 
Q804 
005S 
MSS 
Q002 
14399 
LI 38 
0268 
nnni 
FValue 
1.147 
7314.042 
578364 
136.153 
FValue it 5% 
271 
420 
295 
295 
Table 24. Effect of solutions of different acidity on juvenile hatching of 
Meloidogyne incognita 
Source of 
variables 
Replicates 
IVMtments 
Frror 
DF 
4 
5 
70 
TSS 
1970a000 
5171545a000 
isiflonon 
MSS 
492S.0O0 
10343O9a0OO 
•TO 040 
F Value 
6437 
13519.660 
Fvaloe*t5% 
287 
271 
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Table 25. Effect ofSOz on growth oTFusarium oxysporum tsp. ciceri 
Source of 
variables 
Replicates 
Treatments 
Rrror 
DF 
4 
3 
19 
TSS 
a047 
L8« 
nrwQ 
MSS 
aoi2 
Q662 
O W 
FValue 
0.132 
83.865 
FValue a t5% 
326 
349 
 
 
 
 
 
  
 
 
 
